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(54) TRANSMISSION STRUCTURE

(567) A transmission structure (1) of the present in-
vention causes, during a period from a time point when
a rotational speed of a drive rotational power reaches a
predetermined first/second speed stage shift-up start
speed until a first/second speed stage shift-up end time
point, one of an input-side clutch mechanism pair and an
output-side clutch mechanism pair to be in adouble trans-
mitting state, and causes, in the double transmitting state,
a first clutch mechanism (60a; 80a) and a second clutch
mechanism (60b; 80b) of the other one of the input-side
clutch mechanism pair and the output-side clutch mech-
anism pair to be shifted to a disengagement state and
an engagement state, respectively, while having friction-
al plate slid.
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Description
Technical Field

[0001] The presentinvention relates to a transmission
structure including a hydromechanical transmission
structure (HMT) that has a hydrostatic transmission
(HST) and a planetary gear mechanism.

Background Art

[0002] An HMT in which an HST and a planetary gear
mechanism are combined is used in a travel system
transmission path of a work vehicle such as combine and
tractor, and various configurations have been proposed
to expand a variable range of the vehicle-traveling speed.
[0003] Forexample, PatentDocument 1 below disclos-
es a transmission structure that has an HMT and a multi-
stage speed-changing device serially arranged in a travel
system transmission path to expand the variable range
of the vehicle-traveling speed, wherein the multi-stage
speed changing device includes three speed stages in-
cluding a low speed stage, a medium speed stage and
a high speed stage. However, the transmission structure
described in the Patent Document 1 is designed to per-
form the speed change operation of the multi-stage
speed-changing device in advance before the start of
vehicle traveling, and therefore causes the following in-
conveniences if the speed change operation of the multi-
stage speed-changing device is performed during the ve-
hicle traveling.

[0004] In this respect, a description will be made about
an example of the case in which the HMT, with the multi-
stage speed-changing device engaged in the low speed
stage, is operated thereby to increase the vehicle
traveling speed, and at the time point when the vehicle
traveling speed reaches a predetermined speed, the mul-
ti-stage speed-changing device is changed from the low
speed stage to the medium speed stage.

[0005] In this case, when the output of the HMT, with
the multi-stage speed-changing device in the low speed
stage engaged state, reaches the maximum speed or
the near maximum speed, the multi-stage speed-chang-
ing device, with the output of the HMT kept at the maxi-
mum speed or the near the maximum speed, is changed
from the low speed stage to the medium speed stage;
as a result, a large vehicle speed change is caused at
the time of the speed stage change, which makes the
riding uncomfortable and applies an excessive load to
the travel system transmission path.

[0006] In this respect, the present applicant has pro-
posed a transmission structure that includes an HST; a
planetary gear mechanism that has first to third elements
and that receives an HST output input at the third ele-
ment; a speed change output shaft operatively driven by
a planetary output portion of the planetary gear mecha-
nism; an input-side first transmission mechanism and an
input-side second transmission mechanism capable of
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operatively transmitting a rotational power from a drive
source to the first element and second element of the
planetary gear mechanism, respectively; an input-side
first clutch mechanism and an input-side second clutch
mechanism that engage and disengage power transmis-
sions of the input-side first transmission mechanism and
the input-side second transmission mechanism, respec-
tively; an output-side first transmission mechanism and
an output-side second transmission mechanism capable
of operatively transmitting rotational powers of the sec-
ond element and the first element to the speed change
output shaft, respectively; an output-side first clutch
mechanism and an output-side second clutch mecha-
nism that engage and disengage power transmissions
of the output-side first transmission mechanism and the
output-side second transmission mechanism, respec-
tively; a speed-change operating member; and a control
device (see Patent Document 2 below).

[0007] The control device is so configured that, in a
low-speed state in which the rotational speed of the
speed change output shaft is less than a predetermined
switching speed, the control device engages the input
and output-side first clutch mechanisms and disengages
the input and output-side second clutch mechanisms
thereby to create a first transmitting state in which the
first element is caused to act as a planetary input portion
to input a reference power from the drive source and the
second element is caused to act as a planetary output
portion, and operates an output adjusting member so that
the HST outputis changed from a first HST speed toward
a second HST speed according to the speed increasing
operation of the speed-change operating member. The
control device is also so configured that, in a high-speed
state in which the rotational speed of the speed change
output shaft is higher than or equal to the switching
speed, the control device disengages the input and out-
put-side first clutch mechanisms and engages the input
and output-side second clutch mechanisms thereby to
create a second transmitting state in which the first ele-
ment is caused to act as the planetary output portion and
the second element is caused to act as the planetary
input portion, with the output adjusting member so oper-
ated that the HST output is changed from the second
HST speed to the first HST speed according to the speed
increasing operation of the speed-change operating
member.

[0008] The speed change ratio of the input-side first
transmission mechanism (input-side first speed change
ratio) and the speed change ratio of the input-side second
transmission mechanism (input-side second speed
change ratio) are so set that the second element’s rota-
tional speed that is acquired when the HST output is set
to the second HST speed in the first transmission state
is same as the second element’s rotational speed by the
rotational power transmitted via the input-side second
transmission mechanism in the second transmitting
state, and the first element’s rotational speed that is ac-
quired when the HST output is set to the second HST
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speed in the second transmission state is same as the
first element’s rotational speed by the rotational power
transmitted via the input-side first transmission mecha-
nism in the first transmitting state.

[0009] The speed change ratio of the output-side first
transmission mechanism (output-side first speed change
ratio) and the speed change ratio of the output-side sec-
ond transmission mechanism (output-side second speed
changeratio) are set so that the rotational speeds created
on the speed change output shaft when the HST output
is set to the second HST speed in the first and second
transmitting states are same as each other.

[0010] Compared to the transmission structure de-
scribed in the Patent Document 1, the transmission struc-
ture described in the Patent Document 2 is useful in being
capable of enlarging the speed change width of the speed
change output shaft without causing a sudden change in
rotational speed of the speed change output shaft.
[0011] However, there is room for improvement in the
switching between the first HMT transmitting state (low-
speed transmitting state) in which the input and output-
side first clutch mechanisms are engaged and the input
and output-side second clutch mechanisms are disen-
gaged, and the second HMT transmitting state (high-
speed transmitting state) in which the input and output-
side first clutch mechanisms are disengaged and the in-
put and output-side second clutch mechanisms are en-
gaged.

Prior Art Documents
Patent Documents
[0012]

Patent document 1: Patent No. 5822761
Patent document 2: Japanese Unexamined Patent
Application Publication No. 2020-152364

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

[0013] The present invention has been made in view
of the above conventional technology, and therefore it is
an object of the present invention to provide a transmis-
sion structure thathas an HST receiving a rotational pow-
er from a drive source and a planetary gear mechanism
having first to third elements and receiving, at the third
element, an output rotational power from the HST, and
that is capable of switching between a first HMT trans-
mitting state in which the rotational power from the drive
source is input to the first element and a combined rota-
tional power is output from the second element, and a
second HMT transmitting state in which the rotational
power from the drive source is input to the second ele-
ment and the combined rotational power is output from
the first element, wherein transmission structure is ca-
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pable of smoothly switching between the first and second
HMT transmitting states.

[0014] In order to achieve the object, the present in-
vention provides a transmission structure continuously
changing a rotational speed of a rotational power that is
operatively transmitted from a drive source and output-
ting a rotational power whose rotational speed has been
changed toward a driving wheel, the transmission struc-
ture including: an HST that continuously changes the ro-
tational speed of the rotational power operatively trans-
mitted from the drive source to a rotational speed includ-
ing a range of at least between a first HST speed and a
second HST speed in accordance with an operating po-
sition of an output adjusting member and that outputs a
rotational power whose rotational speed has been
changed; an HST speed change actuator that actuates
the output adjusting member; a planetary gear mecha-
nism that includes first to third elements and that is con-
figured so that the third element acts as an input portion
inputting the rotational power that the HST outputs; an
input-side first transmission mechanism capable of op-
eratively transmitting the rotational power, which opera-
tively receives from the drive source, to the first element
at an input-side first speed change ratio; an input-side
second transmission mechanism capable of operatively
transmitting the rotational power, which operatively re-
ceives from the drive source, to the second element at
an input-side second speed change ratio; an input-side
clutch mechanism pair including input-side first and sec-
ond clutch mechanisms of a frictional plate type that en-
gage and disengage the power transmissions of the in-
put-side first and second transmission mechanisms, re-
spectively; a speed change output shaft; an output-side
first transmission mechanism capable of operatively
transmitting the rotational power, which operatively re-
ceives from the second element, to the speed change
output shaft at an output-side first speed change ratio;
an output-side second transmission mechanism capable
of operatively transmitting the rotational power, which op-
eratively receives from the first element, to the speed
change output shaft at an output-side second speed
change ratio; an output-side clutch mechanism pair in-
cluding output-side first and second clutch mechanisms
that engage and disengage the power transmissions of
the output-side first and second transmission mecha-
nisms, respectively; a speed-change operating member
capable of being operated within an area including a ve-
hicle speed zero position, a first speed stage area and a
second speed stage area that is arranged on a higher
speed side than the first speed stage; a control device
performing controls of the HST speed change actuator,
the input-side clutch mechanisms and the output-side
clutch mechanisms, wherein, when the speed-change
operating member is positioned in an area including the
vehicle speed zero position and the first speed stage ar-
ea, the control device causes the input-side first and sec-
ond input-side clutch mechanisms to be brought into the
engagement state and the disengagement state, respec-
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tively, thereby to realize a first HMT transmitting state in
which the first element acts as a reference power input
portion, which inputs a reference power from the drive
source, and the second element acts as a combined pow-
er output portion, which outputs, toward the speed
change output shaft, a combined rotational power, and
then causes the output-side first and second clutch
mechanisms to be brought into the engagement state
and the disengagement state, respectively, thereby to
operatively transmit the rotational power of the second
elementtothe speed change output shaft, wherein, when
the speed-change operating member is positioned in the
second speed stage area, the control device causes the
input-side first and second clutch mechanisms to be
brought into the disengagement state and the engage-
ment state, respectively, thereby torealize asecond HMT
transmitting state in which the second element acts as
the reference power input portion and the first element
acts as the combined power output portion, and then
causing the output-side first and second clutch mecha-
nisms to be brought into the disengagement state and
the engagement state, respectively, thereby to opera-
tively transmit the rotational power of the first element to
the speed change output shaft, wherein the planetary
gear mechanism is so configured that the rotational
speed of the rotational power output from the second
element is zero when the rotational speed of the HST
outputis set to the first HST speed in the first HMT trans-
mitting state, wherein the input-side first and second
speed change ratios are so set that the rotational speed
of the second element at the time when the HST output
is set to the second HST speed in the first HMT trans-
mitting state is same as that of the second elementdriven
by the rotational power that is operatively transmitted via
the input-side second transmission mechanism in the
second HMT transmitting state, and the rotational speed
of the first element at the time when the HST output is
set to the second HST speed in the second HMT trans-
mitting state is same as that of the first element driven
by the rotational power that is operatively transmitted via
the input-side first transmission mechanism in the first
HMT transmitting state, wherein the control device oper-
ates the HST speed change actuator so that the HST
output has the first HST speed according to the operation
of the speed-change operating member to the vehicle
speed zero position, and the HST output is accelerated
according to the accelerating operation of the speed-
change operating member from the vehicle speed zero
position, and wherein, when the speed-change operating
member is shifted up from the first speed stage area to
the second speed stage area, the control device causes,
at a first/second speed stage shift-up start time point
when the drive rotational power has reached a predeter-
mined first/second speed stage shift-up start speed, the
second clutch mechanism of one clutch mechanism pair
out of the input-side clutch mechanism pair and the out-
put-side clutch mechanism pair to be instantly shifted
from the disengagement state to the engagement, and
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causes, at a first/second speed stage shift-up end time
point after an elapse of a predetermined time from the
first/second speed stage shift-up start time point, the first
clutch mechanism of the one clutch mechanism pair to
be instantly shifted from the engagement state to the dis-
engagement state, thereby to realize a shift-up double
transmitting state in which both of the first and second
clutch mechanisms in the one clutch mechanism pair are
engaged during the period from the first/second speed
stage shift-up start time point until the first/second speed
stage shift-up end time point, and also causes, in the
shift-up double transmitting state, the first clutch mech-
anism of the other one clutch pair out of the input-side
clutch mechanism pair and the output-side clutch mech-
anism pair to be gradually shifted from the engagement
state to the disengagement state while having the fric-
tional plate being frictionally slid, and causes the second
clutch mechanism of the other one clutch mechanism
pair to be gradually shifted from the disengagement state
to the engagement state while having the friction plate
being frictionally slid, thereby to switch from the engage-
ment state of the first clutch mechanism to the engage-
ment state of the second clutch mechanism in the other
one clutch mechanism pair.

[0015] The transmission structure according to the
present invention, which include the an HST receiving a
rotational power from a drive source and a planetary gear
mechanism having first to third elements and receiving,
at the third element, an output rotational power from the
HST, makes it possible to smoothly switch between a
first HMT transmitting state in which the rotational power
from the drive source is input to the first element and a
combined rotational power is output from the second el-
ement, and a second HMT transmitting state in which the
rotational power from the drive source is input to the sec-
ond element and the combined rotational power is output
from the first element.

[0016] In a preferable configuration, the first/second
speed stage shift-up start speed is set to a speed of the
drive rotational power that is realized on the speed
change output shaft via the output-side first transmission
mechanism when the rotational speed of the HST output
is set to the second HST speed in the first HMT trans-
mitting state.

[0017] Inone embodiment, the input-side first and sec-
ond clutch mechanisms and the output-side firstand sec-
ond clutch mechanisms each is of a hydraulic type in
which the engagement state and the disengagement
state are switched in response to supply and discharge
of operation oil.

[0018] In this case, the transmission structure is pro-
vided with an input-side solenoid valve pair including in-
put-side first and second solenoid valves that switch sup-
ply and discharge of the operation oil to and from the
input-side first and second clutch mechanisms, respec-
tively, in response to the control by the control device
and an output-side solenoid valve pair including output-
side first and second solenoid valves that switch supply
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and discharge of the operation oil to and from the output-
side first and second clutch mechanisms, respectively,
in response to the control by the control device.

the solenoid valves of one of the input-side solenoid valve
pair and the output-side solenoid valve pair are solenoid
proportional valves capable of gradually increasing and
decreasing hydraulic pressures of the corresponding
clutch mechanisms, and the solenoid valves of the other
one of the input-side solenoid valve pair and the output-
side solenoid valve pair are solenoid switching valves
that instantly increase and decrease hydraulic pressures
of the corresponding clutch mechanisms.

[0019] Inanyone of the above-mentioned various con-
figurations, the output-side first and second speed
change ratios are preferably so set that the rotational
speed that is realized on the speed change output shaft
when the HST output is set to the second HST speed in
the first HMT transmitting state is substantially same as
the rotational speed that is realized on the speed change
output shaft when the HST output is set to the second
HST speed in the second HMT transmitting state.
[0020] Inanyone of the above-mentioned various con-
figurations, the control device may be, for example, con-
figured to start, before the first/second speed stage shift-
up start time point, the shifting movement of the first
clutch mechanism of the other one clutch pair from the
engagement state to the disengagement state while the
frictional plate being frictionally slid and the shifting move-
ment of the second clutch mechanism of the other one
clutch mechanism pair from the disengagement state to
the engagement state while the friction plate being fric-
tionally slid, and complete the shifting movements after
the first/second speed stage shift-up end time point.
[0021] In a preferable configuration of any one of the
above-mentioned various configurations, when the
speed-change operating member is shifted down from
the second speed stage area to the first speed stage
area, the control device causes, at a second/first speed
stage shift-down start time point when the drive rotational
powerreaches apredetermined second/first speed stage
shift-down start speed, the first clutch mechanism of one
clutch mechanism pair out of the input-side clutch mech-
anism pair and the output-side clutch mechanism pair to
be instantly shifted from the disengagement state to the
engagement state, and causes, at a second/first speed
stage shift-down end time point after an elapse of a pre-
determined time from the second/first speed stage shift-
down start time point, the second clutch mechanism of
the one clutch mechanism pair to be instantly shifted from
the engagement state to the disengagement state, there-
by to realize a shift-down double transmitting state in
which both of the first and second clutch mechanisms in
the one clutch mechanism pair are engaged during the
period from the second/first speed stage shift-down start
time point until the second/first speed stage shift-down
end time point, and the control device also causes, in the
shift-down double transmitting state, the first clutch
mechanism of the other one clutch pair out of the input-
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side clutch mechanism pair and the output-side clutch
mechanism pair to be gradually shifted from the disen-
gagement state to the engagement state while having
the frictional plate being frictionally slid, and causes the
second clutch mechanism of the other one clutch mech-
anism pair to be gradually shifted from the engagement
state to the disengagement state while having the friction
plate being frictionally slid, thereby to switch from the
engagement state of the second clutch mechanism to
the engagement state of the first clutch mechanism in
the other one clutch mechanism pair.

[0022] The second/first speed stage shift-down start
speed may be preferably set to the speed of the drive
rotational power that is realized on the speed change
output shaft (45) whenthe HST outputis set to the second
HST speed in the second HMT transmitting state.
[0023] The control device may be, for example, con-
figured to start, before the second/first speed stage shift-
down start time point, the shifting movement of the sec-
ond clutch mechanism of the other one clutch pair from
the engagement state to the disengagement state while
the frictional plate being frictionally slid and the shifting
movement of the first clutch mechanism of the other one
clutch mechanism pair from the disengagement state to
the engagement state while the friction plate being fric-
tionally slid, and complete the shifting movements after
the second/first speed stage shift-down end time point.
[0024] Therotational speed of the rotational power that
defines the second/first speed stage shift-down starttime
point may be preferably substantially same as the rota-
tional speed of the rotational power that defines the
first/second speed stage shift-up start time point.
[0025] In a preferable configuration, the transmission
structure according to the present invention may further
include a travel output shaft that outputs the drive rota-
tional power toward the driving wheel, a forward-side
transmission mechanism and a rearward-side transmis-
sion mechanism that operatively transmit the rotational
power of the speed change output shaft to the travel out-
put shaft as a forward drive rotational power and a rear-
ward drive rotational power, respectively, and a friction
plate type forward-side clutch mechanism and a friction
plate type rearward-side clutch mechanism that engage
and disengage the power transmissions of the forward-
side transmission mechanism and rearward-side trans-
mission mechanism, respectively.

[0026] Inthiscase,the HST is configured to be capable
of outputting the rotational power in both forward and
reverse directions so that the HST output having the first
HST speed is the rotational power in one of the forward
and rearward directions and the HST output having the
second HST speed is the rotational power in the other
one of the forward and rearward directions.

[0027] The planetary gear mechanismis so configured
thatthe rotational speed of the combined rotational power
output from the second element is increased as the ro-
tational speed of the HST output is changed from the first
HST speed side to the second HST speed side in the
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first HMT transmitting state, and the rotational speed of
the combined rotational power output from the first ele-
ment is increased as the rotational speed of the HST
output is changed from the second HST speed side to
the first HST speed side in the second HMT transmitting
state.

[0028] The first speed stage area includes a forward-
side first speed stage area and a rearward-side first
speed stage area, the second speed stage area includes
a forward-side second speed stage area higher than the
forward-side first speed stage area and a rearward-side
second speed stage area higher than the rearward-side
first speed stage area, and the control device causes the
forward-side clutch mechanism and the rearward-side
clutch mechanism to be engaged and disengaged, re-
spectively, in response to the operation of the speed-
change operating member to the forward side, and caus-
es the forward-side clutch mechanism and the rearward-
side clutch mechanism to be disengaged and engaged,
respectively, in response to the operation of the speed-
change operating member to the rearward side.

[0029] In one embodiment, the forward-side and rear-
ward-side clutch mechanisms each is of a hydraulic type
in which the engagement state and the disengagement
state are switched in response to supply and discharge
of operation oil. In this case, the transmission structure
is provided with a forward-rearward switch solenoid valve
pair including forward-side and rearward-side solenoid
valves that switch supply and discharge of the operation
oil to and from the forward-side and rearward-side clutch
mechanisms, respectively, in response to the control by
the control device.

[0030] In the configuration where the travel output
shaft, the forward-side transmission mechanism, the
rearward-side transmission mechanism, the forward-
side clutch mechanism and the rearward-side clutch
mechanism, the transmission structure may preferably
further include an output-side third transmission mecha-
nism capable of operatively transmitting, as a forward
drive rotational power, the rotational power of the first
element to the travel output shaft, the output-side third
transmission mechanism having a speed change ratio
set so that the rotational speed of the travel output shaft
that is realized when the rotational power of the first el-
ementis operatively transmitted to the travel output shaft
via the output-side third transmission mechanism is high-
er than that of the travel output shaft that is realized when
the rotational power of the first element is operatively
transmitted to the travel output shaft via the output-side
second transmission mechanism and the forward-side
transmission mechanism, and an output-side third clutch
mechanism that engages and disengages the power
transmission of the output-side third transmission mech-
anism.

[0031] In this case, the speed-change operating mem-
ber is configured to be also operable in a forward-side
third speed stage area higher than the forward-side sec-
ond speed stage area. When the speed-change operat-
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ing member is positioned in the forward-side third speed
stage area, the control device brings the output-side first
and second clutch mechanisms into the disengagement
state and also brings the output-side third clutch mech-
anism into the engagement state with realizing the sec-
ond HMT transmitting state, and then also operates the
HST speed change actuator such that the rotational
speed of the drive rotational power becomes the rota-
tional speed that corresponds to the operating position
of the speed-change operating member.

[0032] In a first example regarding the shift-up from
the forward-side second speed stage to the forward-side
third speed stage, the control device is configured to
cause, at a second/third speed stage shift-up start time
point when the drive rotational power has reached a pre-
determined second/third speed stage shift-up start
speed, the output-side second clutch mechanism and
the forward-side clutch mechanism to be instantly shifted
from the engagement state to the disengagement state,
and cause, at a second/third speed stage shift-up end
time point after an elapse of a predetermined time from
the second/third speed stage shift-up start time point, the
output-side third clutch mechanism to be shifted from the
disengagement state to the engagement state, thereby
to realize a shift-up free-running state in which the power
transmission to the travel output shaft is cut off during
the period from the second/third speed stage shift-up
start time point to the second/third speed stage shift-up
end time point, and the control device is also configured
to change, during the shift-up free-running state, the ro-
tational speed of the HST output via the HST speed
change actuator so that the rotational speed of the travel
output shaftthatis driven, at the second/third speed stage
shift-up end time point, by the rotational power opera-
tively transmitted via the output-side third transmission
mechanism matches or approaches the rotational speed
of the travel output shaft that is driven, at the second/third
speed stage shift-up start time point, by the rotational
power operatively transmitted via the output-side second
transmission mechanism and the forward-side transmis-
sion mechanism.

[0033] Inasecondexampleregarding the shift-up from
the forward-side second speed stage to the forward-side
third speed stage, the control device is configured to
cause one of the output-side second clutch mechanism
and the forward-side clutch mechanism to be gradually
shifted from the engagement state to the disengagement
state while having the friction plates frictionally slid,
cause, after an elapse of a predetermined time from the
time point when the one of the output-side second clutch
mechanism and the forward-side clutch mechanism is
shifted to the disengagement state, the other one of the
output-side second clutch mechanism and the forward-
side clutch mechanism to be shifted from the engage-
ment state to the disengagement state, and cause, after
an elapse of a predetermined time from the time point
when the other one of the output-side second clutch
mechanism and the forward-side clutch mechanism is
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shifted to the disengagement state, the output-side third
clutch mechanism to be shifted from the disengagement
state to the engagement state, thereby to realize a shift-
up free-running state in which the power transmission to
the travel output shaft is cut off during the period from
the time point when the one of the output-side second
clutch mechanism and the forward-side clutch mecha-
nism is shifted to the disengagement state until the time
point when the output-side third clutch mechanism is
shifted to the engagement state, and the control device
is further configured to change, during the shift-up free-
running state, the rotational speed of the HST output via
the HST speed change actuator so that the rotational
speed of the travel output shaft that is driven, at the time
point when the output-side third clutch mechanism is
shifted to the engagement state, by the rotational power
operatively transmitted via the output-side third transmis-
sion mechanism matches or approaches the actual ro-
tational speed realized on the travel output shaft just be-
fore the output-side third clutch mechanism is shifted to
the engagement state.

[0034] In a third example regarding the shift-up from
the forward-side second speed stage to the forward-side
third speed stage, the control device is configured to
cause the output-side second clutch mechanism to be
gradually shifted from the engagement state to the dis-
engagement state while having the friction plates friction-
ally slid and causes the output-side third clutch mecha-
nism to be gradually shifted from the disengagement
state to the engagement state while having the friction
plates frictionally slid, and also cause the forward-side
clutch mechanism to be shifted from the engagement to
the disengagement before the output-side third clutch
mechanism is shifted to the engagement state, thereby
to realize a shift-up free-running state in which the power
transmission to the travel output shaft is cut off during
the period from the time point when the forward-side
clutch mechanism is shifted to the disengagement state
until the time point when the output-side third clutch
mechanism is shifted to the engagement state, and the
control device is further configured to change, during the
shift-up free-running state, the rotational speed of the
HST output via the HST speed change actuator so that
the rotational speed of the travel output shaft that is driv-
en, at the time point when the output-side third clutch
mechanism is shifted to the engagement state, by the
rotational power operatively transmitted via the output-
side third transmission mechanism matches or ap-
proaches the actual rotational speed realized on the trav-
el output shaft just before the output-side third clutch
mechanism is shifted to the engagement state.

[0035] Inone embodiment, the output-side third clutch
mechanism is of a hydraulic type in which the engage-
ment state and the disengagement state are switched in
response to supply and discharge of operation oil. In this
case, the transmission structure is provided with an out-
put-side third solenoid valve that switches supply and
discharge of the operation oil to and from the output-side

10

15

20

25

30

35

40

45

50

55

third clutch mechanism, in response to the control by the
control device.

[0036] In afirst example regarding the shift-down from
the forward-side third speed stage to the forward-side
second speed stage in the transmission structure includ-
ing the output-side third transmission mechanism and
the output-side third clutch mechanism, the control de-
vice is configured to cause, at a third/second speed stage
shift-down start time point when the drive rotational pow-
er has reached a predetermined third/second speed
stage shift-down start speed, the output-side third clutch
mechanism to be shifted from the engagement state to
the disengagement state, and cause, at a third/second
speed stage shift-up end time point after an elapse of a
predetermined time from the third/second speed stage
shift-up start time point, the output-side second clutch
mechanism and the forward-side clutch mechanism to
be shifted from the disengagement state to the engage-
ment state, thereby to realize a shift-down free-running
state in which the power transmission to the travel output
shaft is cut off during the period from the third/second
speed stage shift-down start time point until the third/sec-
ond speed stage shift-down end time point, and the con-
trol device is further configured to change, during the
shift-down free-running state, the rotational speed of the
HST output via the HST speed change actuator so that
the rotational speed of the travel output shaft that is driv-
en, at the third/second speed stage shift-down end time
point, by the rotational power operatively transmitted via
the output-side second transmission mechanism and the
forward-side transmission mechanism matches or ap-
proaches the rotational speed of the travel output shaft
that is driven, at the third/second speed stage shift-down
start time point, by the rotational power operatively trans-
mitted via the output-side third transmission mechanism.
[0037] In a preferable configuration, the third/second
speed stage shift-down start speed is substantially same
as the second/third speed stage shift-up start speed.
[0038] In a second example regarding the shift-down
from the forward-side third speed stage to the forward-
side second speed stage in the transmission structure
including the output-side third transmission mechanism
and the output-side third clutch mechanism, the control
device is configured to perform the shifting movement of
the output-side third clutch mechanism from the engage-
ment state to the disengagement state, the shifting move-
ment of the forward-side clutch mechanism from the dis-
engagement state to the engagement state and the shift-
ing movement of the output-side second clutch mecha-
nism from the disengagement state to the engagement
state in this order, thereby to realize a shift-down free-
running state in which the power transmission to the trav-
el output shaft is cut off during the period from the time
point when the output-side third clutch mechanism is
shifted to the disengagement state until the time point
when the output-side second clutch mechanismis shifted
to the engagement state, and the control device is further
configured to change, during the shift-down free-running
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state, the rotational speed of the HST output via the HST
speed change actuator so that the rotational speed of
the travel output shaft that is driven, at the time point
when the output-side second clutch mechanism is shifted
to the engagement state, by the rotational power opera-
tively transmitted via the output-side second transmis-
sion mechanism and the forward-side transmission
mechanism matches or approaches the actual rotational
speed thatis realized on the travel output shaft just before
the output-side second clutch mechanism is shifted to
the engagement state.

[0039] Inathird example regarding the shift-down from
the forward-side third speed stage to the forward-side
second speed stage in the transmission structure includ-
ing the output-side third transmission mechanism and
the output-side third clutch mechanism, the control de-
vice is configured to perform the shifting movement of
the output-side third clutch mechanism from the engage-
ment state to the disengagement state, the shifting move-
ment of the output-side second clutch mechanism from
the disengagement state to the engagement state and
the shifting movement of the forward-side clutch mech-
anism from the disengagement state to the engagement
state and in this order, thereby to realize a shift-down
free-running state in which the power transmission to the
travel output shaft is cut off during the period from the
time point when the output-side third clutch mechanism
is shifted to the disengagement state until the time point
when t the forward-side clutch mechanism is shifted to
the engagement state, and the control device is further
configured to change, during a period between the time
point when the output-side third clutch mechanism is
shifted from the engagement state to the disengagement
state and the time point when the output-side second
clutch mechanism is shifted from the disengagement
state to the engagement state, the rotational speed of
the HST output via the HST speed change actuator so
thatthe rotational speed of the speed change output shaft
that is driven, at the time point when the output-side sec-
ond clutch mechanism is shifted from the disengagement
state to the engagement state, by the rotational power
operatively transmitted via the output-side second trans-
mission mechanism matches or approaches the actual
rotational speed that is realized on the speed change
output shaft just before the output-side second clutch
mechanism is shifted to the engagement state, and the
control device is still further configured to change, during
a period between the time point when the output-side
second clutch mechanism is shifted to the engagement
state and the time point when the forward-side clutch
mechanism is shifted to the engagement state, the rota-
tional speed of the HST output viathe HST speed change
actuator so that the rotational speed of the travel output
shaft that is driven via the output-side second transmis-
sion mechanism and the forward-side transmission
mechanism at the time point when the forward-side clutch
mechanism is shifted from the disengagement state to
the engagement state matches or approaches the actual
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rotational speed realized on the travel output shaft just
before the forward-side clutch mechanism is shifted to
the engagement state.

[0040] In a preferable configuration in any one of the
first to third examples regarding the shift-down from the
forward-side third speed stage to the forward-side sec-
ond speed stage, the shifting movement of the output-
side second clutch mechanism from the disengagement
state to the engagement state in the shift-down operation
from the forward-side third speed stage to the forward-
side second speed stage is gradually performed.
[0041] In a preferable configuration when shifting up
from the forward-side second speed stage to the forward-
side third speed state, during a start period from the
speed stage shift-up start time point when starting the
shifting movement from the forward-side second speed
stage to the forward-side third speed stage until a time
point after an elapse of a predetermined time from the
speed stage shift-up start time point, the control device
is configured to set, as a target rotational speed of the
HST output, a rotational speed that is increased to an
opposite side of a third-speed-stage-side second/third
speed stage switch speed from the actual rotational
speed of the HST output at the shift-up start time point
when one of the output-side second clutch mechanism
and the forward-side clutch mechanism is shifted to the
disengagement state, the third-speed-stage-side sec-
ond/third speed stage switch speed being set to a rota-
tional speed that makes the rotational speed of the travel
output shaft, which is driven by the rotational power op-
eratively transmitted via the output-side third transmis-
sion mechanism at the time when the output-side third
clutch mechanism is shifted to the engagement state,
coincident with the rotational speed of the travel output
shaft at the shift-up start time point, and, after the start
period, the control device is further configured to set, as
the target rotational speed of the HST output, a rotational
speed of the HST output that causes the rotational speed
of the travel output shaft, which is driven by the rotational
power operatively transmitted via the output-side third
transmission mechanism at the time point when the out-
put-side third clutch mechanism is shifted to the engage-
ment state, to match the actual rotational speed realized
on the travel output shaft just before the output-side third
clutch mechanism is shifted to the engagement state.
[0042] In a more preferable configuration, the target
rotational speed in the HST speed-change control during
the start period is set to one of the first and second HST
speedsthatis positioned on an opposite side of the actual
rotational speed of the HST output at the shift-up start
time point.

[0043] Inapreferable configuration when shiftingdown
from the forward-side third speed stage to the forward-
side second speed state, during a start period from the
speed stage shift-down start time point when starting the
shifting movement from the forward-side third speed
stage to the forward-side second speed stage until atime
point after an elapse of a predetermined time from the
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speed stage shift-down starttime point, the control device
is configured to set, as a target rotational speed of the
HST output, a rotational speed that is increased to an
opposite side of a second-speed-stage-side third/second
speed stage switch speed from the actual rotational
speed of the HST output at the shift-down start time point,
the second-speed-stage-side third/second speed stage
switch speed being set to a rotational speed that makes
the rotational speed of the travel output shaft, which is
driven by the rotational power operatively transmitted via
the output-side second transmission mechanism and the
forward-side transmission mechanism at the time when
the output-side second clutch mechanism is shifted to
the engagement state, coincident with the rotational
speed of the travel output shaft, which is driven by the
rotational power operatively transmitted via the output-
side third transmission mechanism at the shift-down start
time point, and, after the start period, the control device
is further configured to set, as the target rotational speed
of the HST output, a rotational speed of the HST output
that causes the rotational speed of the travel output shaft,
which is driven by the rotational power operatively trans-
mitted via the output-side second transmission mecha-
nism and the forward-side transmission mechanism at
the time point when the output-side second clutch mech-
anism is shifted to the engagement state, to match the
actual rotational speed realized on travel output shaft just
before the output-side second clutch mechanism is shift-
ed to the engagement state.

[0044] In a more preferable configuration, the target
rotational speed of the HST output during the start period
is set to one of the first and second HST speeds that is
positioned on an opposite side of the actual rotational
speed of the HST output at the shift-down start time point.

BRIEF DESCRIPTION OF THE DRAWINGS
[0045]

FIG. 1 is a schematic diagram of a power transmis-
sion of a work vehicle to which a transmission struc-
ture according to one embodiment of the present in-
vention is applied.

FIG. 2 is a hydraulic circuit diagram of a part of the
transmission structure according to the embodiment.
FIG. 3 is a vertical-cross-sectional side view of the
transmission structure according to the embodiment.
FIG. 4 is a hydraulic circuit diagram of an HST that
is one component of the transmission structure ac-
cording to the embodiment.

FIG. 5 is a graph showing a relation among a time
lapse, a rotational speed of a drive rotational power
of the transmission structure according to the em-
bodiment, an output rotational speed of the HST, and
hydraulic pressures of clutch mechanisms, in a case
where a speed-change operating member is oper-
ated in a forward-side accelerating direction from a
vehicle speed zero position.
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FIG. 6 is a grapy showing a relation among the time
lapse, the rotational speed of the drive rotational
power of the transmission structure according to the
embodiment, the output rotational speed of the HST,
and the hydraulic pressures of the clutch mecha-
nisms, in a case where the speed-change operating
member is operated in a decelerating direction from
a forward-side third speed stage area via a forward-
side second speed stage area to a forward-side first
speed stage area.

FIG. 7 is a graph showing a relation among the time
lapse, the rotational speed of the drive rotational
power of the transmission structure according to a
first modified example of the embodiment, the output
rotational speed of the HST, and the hydraulic pres-
sures of the clutch mechanisms, in a case where the
speed-change operating member is operated in the
forward-side accelerating direction from the vehicle
speed zero position.

FIG. 8 is a grapy showing a relation among the time
lapse, the rotational speed of the drive rotational
power of the transmission structure according to the
first modified example, the output rotational speed
of the HST, and the hydraulic pressures of the clutch
mechanisms, in a case where the speed-change op-
erating member is operated in the decelerating di-
rection from the forward-side third speed stage area
via the forward-side second speed stage area to the
forward-side first speed stage area.

FIG. 9 is a graph showing a relation among the time
lapse, the rotational speed of the drive rotational
power of the transmission structure according to a
second modified example of the embodiment, the
output rotational speed of the HST, and the hydraulic
pressures of the clutch mechanisms, in a case where
the speed-change operating member is operated in
the forward-side accelerating direction from the ve-
hicle speed zero position.

FIG. 10 is a graph showing a relation among the time
lapse, the rotational speed of the drive rotational
power of the transmission structure according to a
third modified example of the embodiment, the out-
put rotational speed of the HST, and the hydraulic
pressures of the clutch mechanisms, in a case where
the speed-change operating member is operated in
the forward-side accelerating direction from the ve-
hicle speed zero position.

FIG. 11 is a grapy showing a relation among the time
lapse, the rotational speed of the drive rotational
power of the transmission structure according to a
fourth modified example, the output rotational speed
of the HST, and the hydraulic pressures of the clutch
mechanisms, in a case where the speed-change op-
erating member is operated in the decelerating di-
rection from the forward-side third speed stage area
via the forward-side second speed stage area to the
forward-side first speed stage area.

FIG. 12 is a grapy showing a relation among the time
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lapse, the rotational speed of the drive rotational
power of the transmission structure according to a
fifth modified example, the output rotational speed
ofthe HST, and the hydraulic pressures of the clutch
mechanisms, in a case where the speed-change op-
erating member is operated in the decelerating di-
rection from the forward-side third speed stage area
via the forward-side second speed stage area to the
forward-side first speed stage area.

FIG. 13 is agrapy showing a relation among the time
lapse, the rotational speed of the drive rotational
power of the transmission structure according to a
sixth modified example, the output rotational speed
ofthe HST, and the hydraulic pressures of the clutch
mechanisms, in a case where the speed-change op-
erating member is operated in the decelerating di-
rection from the forward-side third speed stage area
via the forward-side second speed stage area to the
forward-side first speed stage area.

FIG. 14 is agrapy showing a relation among the time
lapse, the rotational speed of the drive rotational
power of the transmission structure according to a
seventh modified example, the output rotational
speed of the HST, and the hydraulic pressures of
the clutch mechanisms, in a case where the speed-
change operating member is operated in the decel-
erating direction from the forward-side third speed
stage area via the forward-side second speed stage
area to the forward-side first speed stage area.
FIG. 15is a graph showing a relation among the time
lapse, the rotational speed of the drive rotational
power of the transmission structure according to an
eighth modified example of the embodiment, the out-
put rotational speed of the HST, and the hydraulic
pressures of the clutch mechanisms, in acase where
the speed-change operating member is operated in
the forward-side accelerating direction from the ve-
hicle speed zero position.

FIG. 16 is a grapy showing a relation among the time
lapse, the rotational speed of the drive rotational
power of the transmission structure according to a
ninth modified example, the output rotational speed
ofthe HST, and the hydraulic pressures of the clutch
mechanisms, in a case where the speed-change op-
erating member is operated in the decelerating di-
rection from the forward-side third speed stage area
via the forward-side second speed stage area to the
forward-side first speed stage area.

FIG. 17 is a cross-sectional view along the line XVII-
XVIlin FIG. 3.

FIG. 18 shows a transversal-cross-sectional devel-
opment view of the transmission structure.

FIG. 19 is a cross-sectional view along the line XIX-
XIX'in FIG. 18.
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DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0046] The following is a description of one embodi-
ment of a transmission structure according to the present
invention, with reference to the accompanying drawings.
FIG. 1 shows a schematic diagram of a power transmis-
sion of a work vehicle 200 to which a transmission struc-
ture 1 according to the present embodiment is applied.
Further, FIG. 2 shows a hydraulic circuit diagram of a
partofthe transmission structure 1. Further, FIG. 3 shows
a vertical-cross-sectional side view of the transmission
structure 1.

[0047] As shown in FIG. 1, the work vehicle 200 in-
cludes a drive source 210, driving wheels 220 and the
transmission structure 1 interposed in a travel system
transmission path from the drive source 210 to the driving
wheels 220. The reference numeral 210a in FIGS. 1 and
2 is a flywheel included in the drive source 210.

[0048] As shown in FIG. 1, the transmission structure
1 includes a hydrostatic transmission (HST) 10, a plan-
etary gear mechanism 30 that forms an HMT (hydrome-
chanical transmission structure) in combination with the
HST 10, a speed change output shaft45, a speed-change
operating member 90 such as a speed change lever, and
a control device 100.

[0049] FIG. 4 shows a hydraulic circuit diagram of the
HST 10. Note that IN1 and IN2 in FIG. 2 are fluidly con-
nected to IN1 and IN2, respectively.

[0050] AsshowninFIGS. 1and4,the HST 10 includes
a pump shaft 12 that is operatively rotatably driven by
the drive source 210, an HST pump 14 supported by the
pump shaft 12 in a relatively non-rotatable manner with
respectthereto, an HST motor 18 thatis fluidly connected
to the HST pump 14 via a pair of first and second HST
lines 15a, 15b and hydraulically driven by the HST pump
14, a motor shaft 16 that supports the HST motor 18 in
a relatively non-rotatable manner with respect thereto,
and an output adjusting member 20 that changes a vol-
ume or a capacity of at least one of the HST pump 14
and the HST motor 18.

[0051] The HST 10 is so designed as to continuously
vary, according to the operating position of the output
adjusting member 20, the ratio of the rotational speed of
the HST output from the motor shaft 16 with respect to
the rotational speed of the power input to the pump shaft
12 (i.e., the speed change ratio of the HST 10).

[0052] Thatis, inacase where areference input speed
represents the rotational speed of the rotational power
operatively input to the pump shaft 12 from the drive
source 210, the HST 10 can continuously change the
rotational power having the reference input speed to a
rotational power having a rotational speed, between at
least the first HST speed and the second HST speed,
according to the operating position of the output adjusting
member 20 and output the resultant rotational power from
the motor shaft 16.

[0053] In the present embodiment, as shown in FIGS.
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1 and 4, the pump shaft 12 is connected via an HST input
gear train 214 to a main driving shaft 212 that is opera-
tively connected to the drive source 210.

[0054] In the present embodiment, the HST 10 is ca-
pable of switching the rotational direction of the HST out-
put between forward and reverse. That is, the HST 10 is
so configured that, in a case where the rotation direction
of the reference input speed is defined as the forward
direction, positioning the output adjusting member 20 in
a first operating position causes the motor shaft 16 to
output a rotational power of the first HST speed in one
direction of the forward and reverse directions (e.g., re-
verse direction), and positioning the output adjusting
member 20 in a second operating position causes the
motor shaft 16 to output a rotational power of the second
HST speed in the other direction of the forward and re-
verse directions (e.g., forward direction).

[0055] In this case, positioning the output adjusting
member 20 in a neutral position between the first and
second operating positions causes the rotational speed
of the HST output to be a neutral speed (zero speed).
[0056] In the present embodiment, as the output ad-
justing member 20, the HST 10 has a movable swash
plate, which is commonly known in an axial piston pump,
changing the volume ofthe HST pump 14 by being swung
about a swing axis. The movable swash plate can swing
to one side and another side about the swing axis, with
sandwiching the neutral position that sets the discharge
volume, which is discharged from the HST pump 14, to
zero (see FIG. 10 below).

[0057] When the movable swash plate is positioned in
the neutral position, there is no operation oil discharge
fromthe HST pump 14, bringing the HST 10 into a neutral
state in which the output of the HST motor 18 is zero.
When the movable swash plate is swung from the neutral
position to the forward rotation side on one side about
the swing axis, an operation oil is supplied from the HST
pump 14 to one of a pair of HST lines 15 (e.g., the first
HST line 15a), and thereby the one first HST line 15a
becomes the high pressure side, and the other second
HST line 15b becomes the low pressure side. With this,
the HST motor 18 is rotatably driven to the forward rota-
tion side, and the HST 10 is brought into the forward
rotation output state.

[0058] Conversely, when the movable swash plate is
swung from the neutral position to the reverse side on
the other side about the swing axis, the operation oil is
supplied from the HST pump 14 to the other of the pair
of HST lines 15 (e.g., the second HST line 15b), and
thereby the other second HST line 15b becomes the high
pressure side, and the one first HST line 15a becomes
the low pressure side. With this, the HST motor 18 is
rotatably driven to the reverse rotation side, and the HST
10 is brought into the reverse rotation output state. In the
HST 10, the HST motor 18 has its volume fixed by a fixed
swash plate.

[0059] AsshowninFIG.4,the HST 10is provided with
a charge line 130 that supplies the operation oil to the
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first and second HST lines 15a, 15b.

[0060] In detail, as shown in FIG. 2, the transmission
structure 1 has a first hydraulic pump 110 operatively
driven by the drive source 210, and an operation oil line
120 to which the discharge oil from the first hydraulic
pump 110 is supplied.

[0061] In the present embodiment, the first hydraulic
pump 110 is operatively connected to the main driving
shaft 212 via a pump driving gear train 205 (see FIG. 1).
The hydraulic pressure of the operation oil line 120 is set
by a relief valve 122 (see FIG. 4).

[0062] AsshowninFIG.4,the chargeline 130includes
a common portion 132 having a base end side fluidly
connected to the operation oil line 120, a first branch
portion 134a having a base end side fluidly connected to
the common portion 132 and a tip side fluidly connected
to the first HST line 15a, and a second branch portion
134b having a base end side fluidly connected to the
common portion 132 and a tip side fluidly connected to
the second HST line 15b.

[0063] Check valves 136 that allow the operation oil
flow from the common portion 132 to the corresponding
HST lines 15a, 15b while preventing the oil flow in the
reverse direction are interposed in the first and second
branch portions 134a, 134b.

[0064] As shown in FIG. 4, the HST 10 also includes
a communication line 140 that communicates between
the pair of first and second HST lines 15a, 15b, and a
bidirectional relief valve 142 interposed in the communi-
cation line 140. When one of the pair of HST lines 15a,
15b should have an abnormally high pressure, the com-
munication line 140 and the bidirectional relief valve 142
cause the pressurized oil to flow from the one HST line
to the other HST line.

[0065] As shown in FIG. 1, the output adjusting mem-
ber 20 is operatively controlled by the control device 100
according to the operation of the speed-change operating
member 90.

[0066] That is, the transmission structure 1 according
to the present embodiment has an HST speed change
actuator 150 that actuates the output adjusting member
20, and the control device 100 is so designed as to op-
erate the output adjusting member 20 via the HST speed
change actuator 150 according to the operation of the
speed-change operating member 90.

[0067] The HST speed change actuator 150 can take
various configurations, such as an electric motor and a
hydraulic mechanism, as long as being able to be oper-
atively controlled by the control device 100.

[0068] As shown in FIG. 4, the transmission structure
1 according to the present embodiment has a hydraulic
servo mechanism 152 as the HST speed change actuator
150.

[0069] The hydraulic servo mechanism 152 has a ser-
vo piston 155 that is axially reciprocable with first and
second oil chambers defined on one side and another
side in the axial direction respectively, a servo operation
oil line 157 having a base end side fluidly connected to
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the operationoil line 120, adrainline 159, firstand second
servo supply-discharge lines 160a, 160b fluidly connect-
ed to the first and second oil chambers respectively, a
servo switching valve 162 that switches the connecting
state between the servo operation oil line 157, the drain
line 159 and the first and second servo supply-discharge
lines 160a, 160b, and an operating piston 164 operatively
connected to the servo switching valve 162.

[0070] The servo piston 155 is operatively connected
to the movable swash plate in a manner to cause the
movable swash plate, which acts as the output adjusting
member 20, to swing about the swing axis according to
the axial movement of the servo piston 155.

[0071] The servo switching valve 162 is so designed
as to selectively take a closing position where the first
and second servo supply-discharge lines 160a, 160b are
closed, a first operating position where the first servo
supply-discharge line 160ais fluidly connected to the ser-
vo operation oil line 157 and the second servo supply-
discharge line 160b is fluidly connected to the drain line
159, and a second operating position where the first servo
supply-discharge line 160a is fluidly connected to the
drain line 159 and the second servo supply-discharge
line 160b is fluidly connected to the servo operation oil
line 157.

[0072] The operating piston 164 is so configured as to
take a first operating position, a holding position, and a
second operating position that respectively positions the
servo switching valve 162 in the first operating position,
the closing position, and the second operating position.
[0073] Inthepresentembodiment,the operating piston
164 is axially reciprocable with an oil chamber and a
spring chamber defined on one side and another side in
the axial direction, respectively, and is pressed in the
direction to contract the oil chamber by a spring placed
in the spring chamber.

[0074] The hydraulic servo mechanism 152 further in-
cludes a servo operation line 167 having a base end side
fluidly connected to the operation oil line 120 and a tip
side fluidly connected to the oil chamber, and an output
adjusting valve 165 capable of adjusting the operation
oil amount of the servo operation line 167.

[0075] The output adjusting valve 165 is operatively
controlled by the control device 100.

That is, the control device 100 operates the output ad-
justing valve 165 so that the output adjusting member 20
is positioned in an operating position that corresponds
to the operating position of the speed-change operating
member 90.

The operating position of the speed-change operating
member 90 is detected by an operating position sensor
92, such as a potentiometer, for example.

[0076] As shown in FIGS. 1 and 3, the planetary gear
mechanism 30 includes a sun gear 32, planetary gears
34 that mesh with the sun gear 32, an internal gear 36
that meshes with the planetary gears 34, and carriers 38
that supports the corresponding planetary gear 34 in a
rotatable manner around an axis line and rotate about
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the axis of the sun gear 32 in conjunction with the corre-
sponding planetary gear 34’s revolution about the sun
gear 32, wherein the sun gear 32, the carrier 38 and the
internal gear 36 form planetary three elements.

[0077] A third element, as one of the three planetary
elements, is operatively connected to the motor shaft 16,
and the third element is acting as a variable power input
portion that inputs the HST output. As shown in FIGS. 1
and 3, the sun gear 32 is the third element in the present
embodiment. In the present embodiment, the sun gear
32 is operatively connected to the motor shaft 16 via an
HST output gear train 216.

[0078] The transmission structure 1 according to the
present embodiment can switch between a first HMT
transmitting state in which the first element is caused to
act as a reference power input portion that inputs the
reference rotational power from the drive source 210 and
the second elementis caused to actas a combined power
output portion that outputs the combined rotational pow-
er, and a second HMT transmitting state in which the first
element is caused to act as the combined power output
portion and the second element is caused to act as the
reference power input portion.

[0079] Specifically, as shown in FIGS. 1 to 3, the trans-
mission structure 1 further has an input-side first trans-
mission mechanism 50a and an input-side second trans-
mission mechanism 50b that are capable of operatively
transmitting the rotational power of the drive source 210
to the first element and the second element, respectively,
an input-side clutch mechanism pair including an input-
side first clutch mechanism 60a and an input-side second
clutch mechanism 60b that engage and disengage the
power transmissions of the input-side first transmission
mechanism 50a and the input-side second transmission
mechanism 50b, respectively, an output-side first trans-
mission mechanism 70a and an output-side second
transmission mechanism 70b that are capable of opera-
tively transmitting the rotational powers of the second
element and the first element, respectively, to the speed
change output shaft 45, and an output-side clutch mech-
anism pair including an output-side first clutch mecha-
nism 80a and an output-side second clutch mechanism
80b that engage and disengage the power transmissions
of the output-side first transmission mechanism 70a and
the output-side second transmission mechanism 70b, re-
spectively.

[0080] Inthe presentembodiment, the internal gear 36
and the carrier 38 act as the first and second elements,
respectively.

[0081] The input-side first transmission mechanism
50a is so configured as to transmit the rotational power
from the drive source 210 to the first element (the internal
gear 36 in the present embodiment).

[0082] In detail, as shown in FIGS. 1 and 3, the input-
side first transmission mechanism 50a has an input-side
first driving gear 52a relatively rotatably connected to the
main driving shaft 212, and an input-side first driven gear
54a that is meshed with the input-side first driving gear
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52a and is operatively connected to the first element.
[0083] As shown in FIGS. 1 and 3, the transmission
structure 1 according to the present embodiment has a
speed change intermediate shaft 43 that is placed coax-
ially with the planetary gear mechanism 30 and that is
connected to the second element in a relatively non-ro-
tatable manner around an axis line with respect thereto.
The input-side first driven gear 54a, in a state of being
supported on the speed change intermediate shaft 43 in
a relatively rotatable manner with respect thereto, is op-
eratively connected to the input-side firstdriving gear 52a
and the first element (the internal gear 36 in the present
embodiment).

[0084] The input-side second transmission mecha-
nism 50b is so configured as to transmit the rotational
power of the drive source 210 to the second element (the
carrier 38 in the present embodiment).

[0085] In detail, as shown in FIG. 1 and FIG. 3, the
input-side second transmission mechanism 50b has an
input-side second driving gear 52b supported on the main
driving shaft 212 in a relatively rotatable manner with
respect thereto, and an input-side second driven gear
54b that is meshed with the input-side second driving
gear 52b and is operatively connected to the second el-
ement.

[0086] In the present embodiment, the input-side sec-
ond driven gear 54b, in a state of being relatively non-
rotatably supported on the speed change intermediate
shaft 43 that is relatively non-rotatably connected to the
second element, is meshed with the input-side second
driving gear 52b.

[0087] In the present embodiment, the input-side first
and second clutch mechanisms 60a, 60b are each a fric-
tion plate type clutch mechanism.

[0088] The input-side first and second clutch mecha-
nisms 60a, 60b are supported on the main driving shaft
212 in a manner to engage and disengage the input-side
firstand second driving gears 52a, 52b with and from the
main driving shaft 212, respectively.

[0089] In detail, the input-side first clutch mechanism
60a has an input-side clutch housing 62 relatively non-
rotatably supported on the main driving shaft 212; an
input-side first friction plate group 64a thatincludes a first
driving-side friction plate relatively non-rotatably support-
ed on the input-side clutch housing 62, and a first driven-
side friction plate relatively non-rotatably supported on
the input-side first driving gear 52a in a state of being
opposed by the first driving-side friction plate; and an
input-side first piston (not shown) that causes the input-
side first friction plate group 64a to be in a frictional en-
gagement state.

[0090] The input-side second clutch mechanism 60b
has the input-side clutch housing 62; an input-side sec-
ond friction plate group 64b that includes a second driv-
ing-side friction plate relatively non-rotatably supported
on the input-side clutch housing 62, and a second driven-
side friction plate relatively non-rotatably supported on
the input-side second driving gear 52b in a state of being
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opposed by the second driving-side friction plate; and an
input-side second piston (not shown) that causes the in-
put-side second friction plate group 64b to be in a fric-
tional engagement state.

[0091] The output-side first transmission mechanism
70a is so configured as to transmit the rotational power
of the second element to the speed change output shaft
45,

[0092] Inthe presentembodiment, the output-side first
transmission mechanism 70a is so configured as to op-
eratively transmit the rotational power of the second el-
ement to the speed change output shaft 45 with utilizing
the input-side second driven gear 54b in the input-side
second transmission mechanism 50b.

[0093] In detail, as shown in FIG. 1 and FIG. 3, the
output-side first transmission mechanism 70a has the
input-side second driven gear 54b, and an output-side
first driven gear 74a that is operatively connected to the
input-side second driven gear 54b in a state of being
relatively rotatably supported on the speed change out-
put shaft 45.

[0094] The output-side second transmission mecha-
nism 70b is so configured as to transmit the rotational
power of the first element to the speed change output
shaft 45.

[0095] Inthe presentembodiment, the output-side sec-
ond transmission mechanism 70b is so configured as to
operatively transmit the rotational power of the first ele-
ment to the speed change output shaft 45 with utilizing
the input-side first driven gear 54a in the input-side first
transmission mechanism 50a.

[0096] In detail, as shown in FIG. 1 and FIG. 3, the
output-side second transmission mechanism 70b has the
input-side first driven gear 54a, and an output-side sec-
ond driven gear 74b that is operatively connected to the
input-side first driven gear 54a in a state of being rela-
tively rotatably supported on the speed change output
shaft 45.

[0097] The output-side first and second clutch mech-
anisms 80a, 80b are each a friction plate clutch mecha-
nism.

[0098] Inthe presentembodiment, the output-side first
and second clutch mechanisms 80a, 80b are supported
on the speed change output shaft 45 in a manner to en-
gage and disengage the output-side firstand second driv-
en gears 74a, 74b with and from the speed change output
shaft 45, respectively.

[0099] In detail, the output-side first clutch mechanism
80a has an output-side clutch housing 82 relatively non-
rotatably supported on the speed change output shaft
45; an output-side first friction plate group 84a that in-
cludes a first driving-side friction plate relatively non-ro-
tatably supported on the output-side first driven gear 74a,
and a first driven-side friction plate relatively non-rotata-
bly supported on the output-side clutch housing 82 in a
state of being opposed by the first driving-side friction
plate; and an output-side first piston (not shown) that
causes the output-side first friction plate group 84a to be
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in a frictional engagement state.

[0100] The output-side second clutch mechanism 80b
has the output-side clutch housing 82; an output-side
second friction plate group 84b that includes a second
driving-side friction plate relatively non-rotatably support-
ed on the output-side second driven gear 74b, and a sec-
ond driven-side friction plate relatively non-rotatably sup-
ported on the output-side clutch housing 82 in a state of
being opposed by the second driving-side friction plate;
and an output-side second piston (not shown) that caus-
es the output-side second friction plate group 84b to be
in a frictional engagement state.

[0101] Thetransmission structure 1further has a trans-
mitting state switching actuator 300 that switches the en-
gagement and disengagement of the input-side first
clutch mechanism 60a, the input-side second clutch
mechanism 60b, the output-side first clutch mechanism
80a and the output-side second clutch mechanism 80b.
[0102] The transmitting state switching actuator 300
can take various configurations, such as an electric motor
and a hydraulic mechanism, as long as being able to be
operatively controlled by the control device 100.

[0103] As shown in FIG. 2, the transmission structure
1according to the presentembodiment has atransmitting
state switching hydraulic mechanism 302 as the trans-
mitting state switching actuator 300.

[0104] The transmitting state switching hydraulic
mechanism 302 is so configured as to use the oil source
(the first hydraulic pump 110) that is common to the
charge line 130 of the HST 10 and to the hydraulic servo
mechanism 152.

[0105] In detail, the transmitting state switching hy-
draulic mechanism 302 includes a clutch line 310 having
a base end side fluidly connected to the operation oil line
120, an input-side first supply-discharge line 320a, an
input-side second supply-discharge line 320b, an output-
side first supply-discharge line 330a, and an output-side
second supply-discharge line 330b that have tip sides
fluidly connected to the input-side first clutch mechanism
60a, the input-side second clutch mechanism 60b, the
output-side first clutch mechanism 80a, and the output-
side second clutch mechanism 80b, respectively, a drain
line 340, and an input-side first solenoid valve 325a, an
input-side second solenoid valve 325b, an output-side
first solenoid valve 335a, and an output-side second so-
lenoid valve 335b that are respectively interposed be-
tween the following i) and ii): i) the clutch line 310 and
the drain line 340, ii) the input-side first supply-discharge
line 320a, the input-side second supply-discharge line
320b, the output-side first supply-discharge line 330a,
and the output-side second supply-discharge line 330b.
[0106] The input-side first solenoid valve 325a, the in-
put-side second solenoid valve 325b, the output-side first
solenoid valve 335a, and the output-side second sole-
noid valve 335b are so designed as to be operatively
controlled by the control device 100, making it possible
to take a supply position to fluidly connect the corre-
sponding supply-discharge lines 320a, 320b, 330a, 330b
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to the clutch line 310, and a drain position to fluidly con-
nect the corresponding supply-discharge lines 320a,
320b, 330a, 330b to the drain line 340.

[0107] AsshowninFIG. 2, inthe presentembodiment,
the input-side first solenoid valve 325a and the input-side
second solenoid valve 325b are solenoid switching
valves that instantly increase/decrease the hydraulic
pressure of the corresponding input-side first supply-dis-
charge line 320a and input-side second supply-dis-
charge line 320b.

[0108] Meanwhile, the output-side first solenoid valve
335a and the output-side second solenoid valve 335b
are solenoid proportional valves capable of adjusting the
increasing/decreasing rates of the hydraulic pressures
of the corresponding output-side first supply-discharge
line 330a and output-side second supply-discharge line
330b.

[0109] As shownin FIG. 1, FIG. 3, etc., the transmis-
sion structure 1 according to the present embodiment
further includes a travel output shaft 47 that outputs a
drive rotational power toward the driving wheels 220, a
forward-side transmission mechanism 400F and a rear-
ward-side transmission mechanism 400R that operative-
ly transmit rotational power of the speed change output
shaft 45 to the travel output shaft 47 as a forward drive
rotational power and a rearward drive rotational power,
respectively, and a friction plate type forward-side clutch
mechanism 410F and a rearward-side clutch mechanism
410R that engage and disengage the power transmis-
sions of the forward-side transmission mechanism 400F
and rearward-side transmission mechanism 400R, re-
spectively.

[0110] As shown in FIGS. 1 and 3, the forward-side
transmission mechanism 400F has a forward-side gear
train that includes a forward-side driving gear 402F sup-
ported on the speed change output shaft 45 and a for-
ward-side driven gear 404F meshed with the forward-
side driving gear 402F in a state of being supported on
the travel output shaft 47.

[0111] In the present embodiment, the forward-side
driving gear 402F is supported on the speed change out-
put shaft 45 in a relatively non-rotatable manner with re-
spect thereto, and the forward-side driven gear 404F is
supported on the travel output shaft 47 in a relatively
rotatable manner with respect thereto.

[0112] The rearward-side transmission mechanism
400R has arear-side gear train that includes a rearward-
side driving gear 402R supported on the speed change
output shaft 45 and a rearward-side driven gear 404R
meshed with the rearward-side driving gear 402R via an
idle gear 403 (see FIG. 1) in a state where rearward-side
driven gear 404R is supported on the travel output shaft
47.

[0113] In the present embodiment, the rearward-side
driving gear 402R is supported on the speed change out-
put shaft 45 in a relatively non-rotatable manner with re-
spect thereto, and the rearward-side driven gear 404R
is supported on the travel output shaft 47 in a relatively
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rotatable manner with respect thereto.

[0114] In the present embodiment, the forward-side
clutch mechanism 410F and the rearward-side clutch
mechanism410R are supported on the travel output shaft
47 so as to engage and disengage the forward-side driv-
en gear 404F and the rearward-side driven gear 404R
with and from the travel output shaft 47, respectively.
[0115] In detail, the forward-side clutch mechanism
410F has a forward-rearward clutch housing 412 rela-
tively non-rotatably supported on the travel output shaft
47; a forward-side friction plate group 414F that includes
a forward driven-side friction plate relatively non-rotata-
bly supported on the forward-rearward clutch housing
412, and a forward driving-side friction plate relatively
non-rotatably supported on the forward-side driven gear
404F in a state of being opposed by the forward driven-
side friction plate; and a forward-side piston (not shown)
that causes the forward-side friction plate group 414F to
be in a frictional engagement state.

[0116] Therearward-side clutch mechanism410R has
the forward-rearward clutch housing 412; a rearward-
side friction plate group 414R that includes a rearward
driven-side friction plate relatively non-rotatably support-
ed on the forward-rearward clutch housing 412, and a
rearward driving-side friction plate relatively non-rotata-
bly supported on the rearward-side driven gear 404R in
a state of being opposed by the rearward driven-side
friction plate; and a rearward-side piston (not shown) that
causes the rearward-side friction plate group 414R to be
in a frictional engagement state.

[0117] The forward-side clutch mechanism 410F and
the rearward-side clutch mechanism 410R are designed
so as to switch, by the transmitting state switching actu-
ator 300 (the transmitting state switching hydraulic mech-
anism 302 in the presentembodiment), between engage-
ment state and disengagement state.

[0118] That is, when recognizing that the speed-
change operating member 90 is operated to the forward
side, the control device 100 operates the transmitting
state switching actuator 300 such that the forward-side
clutch mechanism 410F is engaged and the rearward-
side clutch mechanism 410R is disengaged, meanwhile
when recognizing that the speed-change operating
member 90 is operated to the rearward side, the control
device 100 operates the transmitting state switching ac-
tuator 300 such that the forward-side clutch mechanism
410F is disengaged and the rearward-side clutch mech-
anism 410R is engaged.

[0119] Asdescribed above, the transmission structure
1 has the transmitting state switching hydraulic mecha-
nism 302 as the transmitting state switching actuator 300.
[0120] As shown in FIG. 2, the transmitting state
switching hydraulic mechanism 302 further includes a
forward-side supply-discharge line 350F and a rearward-
side supply-discharge line 350R having tip sides fluidly
connected to the forward-side clutch mechanism 410F
and the rearward-side clutch mechanism 410R, respec-
tively, and a forward-side solenoid valve 355F and arear-
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ward-side solenoid valve 355R interposed between the
following i) and ii): i) the clutch line 310 and the drain line
340, ii) the forward-side supply-discharge line 350F and
the rearward-side supply-discharge line 350R, respec-
tively.

[0121] The forward-side solenoid valve 355F and the
rearward-side solenoid valve 355R are so designed as
to be operatively controlled by the control device 100,
making it possible to take a supply position to fluidly con-
nect the corresponding forward and rearward-side sup-
ply-discharge lines 350F, 350R to the clutch line 310,
and a drain position to fluidly connect the corresponding
forward and rearward-side supply-discharge lines 350F,
350R to the drain line 340.

[0122] AsshowninFIG.2,inthe presentembodiment,
the forward-side solenoid valve 355F and the rearward-
side solenoid valve 355R are solenoid switching valves
that instantly increase/decrease the hydraulic pressure
of the corresponding forward-side supply-discharge line
350F and rearward-side supply-discharge line 350R.
[0123] AsshowninFIGS.1 to 3, the transmission struc-
ture 1 according to the present embodiment further in-
cludes an output-side third transmission mechanism 70c
capable of operatively transmitting, as a forward drive
rotational power, the rotational power of the first element
to the travel output shaft 47, and an output-side third
clutch mechanism 80c that engages and disengages the
power transmission of the output-side third transmission
mechanism 70c.

[0124] The speed change ratio of the output-side third
transmission mechanism 70c is so set that the rotational
speed of the travel output shaft 47 that is realized when
the rotational power of the first element is operatively
transmitted to the travel output shaft 47 via the output-
side third transmission mechanism 70c is higher than
that of the travel output shaft 47 that is realized when the
rotational power of the first element is operatively trans-
mitted to the travel output shaft 47 via the output-side
second transmission mechanism 70b and the forward-
side transmission mechanism 400F.

[0125] In the present embodiment, the output-side
third transmission mechanism 70c is so configured as to
operatively transmit the rotational power of the first ele-
ment to the travel output shaft 47 with utilizing the output-
side second driven gear 74b of the output-side second
transmission mechanism 70b.

[0126] Indetail, as shownin FIGS. 1 and 3, the output-
side third transmission mechanism 70c has the output-
side second driven gear 74b and an output-side third
driven gear 74c that, in a state of being relatively rotatably
supported on the travel output shaft 47, is operatively
connected to the output-side second driven gear 74b.
[0127] The output-side third clutch mechanism 80c is
supported on the travel output shaft 47 so as to engage
and disengage the output-side third driven gear 74c with
and from the travel output shaft 47.

[0128] Indetail, the output-side third clutch mechanism
80c has an output-side clutch housing 83 relatively non-
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rotatably supported on the travel output shaft 47; an out-
put-side third friction plate group 84c that includes a third
driving-side friction plate relatively non-rotatably support-
ed on the output-side third driven gear 74c, and a third
driven-side friction plate that, in a state of being opposed
by the third driving-side friction plate, is relatively non-
rotatably supported on the output-side clutch housing 83;
and an output-side third piston (not shown) that causes
the output-side third friction plate group 84c to be in a
frictional engagement state.

[0129] The output-side third clutch mechanism 80c is
so designed as to be switched between engagement
state and disengagement state by the transmitting state
switching actuator 300.

[0130] Asdescribed above, the transmission structure
1 has the transmitting state switching hydraulic mecha-
nism 302 as the transmitting state switching actuator 300.
[0131] As shown in FIG. 2, the transmitting state
switching hydraulic mechanism 302 further has an out-
put-side third clutch line 330c having a tip side fluidly
connected to the output-side third clutch mechanism 80c,
and an output-side third solenoid valve 335c interposed
between the following i) and ii): i) the clutch line 310 and
the drain line 340, ii) the output-side third supply-dis-
charge line 330c.

[0132] The output-side third solenoid valve 335c is so
designed as to be operatively controlled by the control
device 100, making it possible to take a supply position
to fluidly connect the corresponding output-side third sup-
ply-discharge line 330c to the clutch line 310, and a drain
position to fluidly connect the corresponding output-side
third supply-discharge line 330c to the drain line 340.
[0133] AsshowninFIG.2,inthe presentembodiment,
the output-side third solenoid valve 335c is a solenoid
proportional valve capable of adjusting the increas-
ing/decreasing rate of the hydraulic pressure of the third
supply-discharge line 330c.

[0134] The work vehicle 200 has, as the driving wheels
220, a pair of right and left main driving wheels. Accord-
ingly, the work vehicle 200, as shown in FIG. 1, further
includes a pair of main driving axles 250 that respectively
drive the pair of main driving wheels, and a differential
mechanism 260 that differentially transmits the rotational
power of the travel output shaft 47 to the pair of main
driving axles 250.

[0135] AsshowninFIG. 1, the work vehicle 200 further
has a travel brake mechanism 255 that selectively ap-
plies a braking force to the main driving axles 250, a
differential lock mechanism 265 that forcibly drives the
pair of main driving axles 250 synchronously by a rota-
tional power from the travel output shaft 47, and a sub-
sidiary driving wheel-directed driving force takeout mech-
anism 270 capable of selectively outputting, to a subsid-
iary driving wheel, the rotational power taken out from
the travel output shaft 47.

[0136] Further, the work vehicle 200 has a PTO shaft
280 that outputs a rotational power to the outside, and a
PTO clutch mechanism 285 and a PTO multistage
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speed-change mechanism 290 that are interposed in a
PTO transmission path from the drive source 210 to the
PTO shaft 280.

[0137] Here, the speed change control by the control
device 100 will be described. First, the speed change
control that the control device 100 performs when the
speed-change operating member 90 is operated in a for-
ward accelerating direction from the vehicle speed zero
position will be described.

[0138] FIG. 5 shows a relation among the time lapse,
the rotational speed of the drive rotational power of the
transmission structure 1, the output rotational speed of
the HST 10, and the hydraulic pressures of the input-side
first and second clutch mechanisms 60a, 60b, output-
side first, second and third clutch mechanisms 80a, 80b,
80c, and the forward-side clutch mechanism 410F, in a
case where the speed-change operating member 90 is
operated in the forward-side accelerating direction from
the vehicle speed zero position.

[0139] The speed-change operating member 90 is de-
signed to be operable in the vehicle speed zero position,
aforward-side first speed stage area F1 that is a forward-
side low speed stage area, a forward-side second speed
stage area F2 that is a higher speed stage area on the
forward-side than the forward-side first speed stage area
F1, and a forward-side third speed stage area F3 that is
a higher speed stage area on the forward-side than the
forward-side second speed stage area F2.

[0140] The speed-change operating member 90 can
be operated, in addition to the forward-side, in a rear-
ward-side first speed stage area that is a rearward-side
low speed stage area, and in a rearward-side second
speed stage area that is a higher speed stage area on
the rearward-side than the rearward-side first speed
stage area.

[0141] When the speed-change operating member 90
is positioned in the vehicle speed zero position and the
first speed stage area (the forward-side first speed stage
area F1 and the rearward-side first speed stage area),
the control device 100 operates the transmitting state
switching actuator 300 so that the input-side first and
second input-side clutch mechanisms 60a, 60b are
brought into the engagement state and the disengage-
ment state, respectively, thereby to realize the first HMT
transmitting state in which the first element acts as the
reference power input portion and the second element
acts as the combined power output portion that outputs,
toward the speed change output shaft 45, the combined
rotational power of the planetary gear mechanism 30.
[0142] Specifically, as shown in FIG. 5, when the
speed-change operating member 90 is positioned in the
vehicle speed zero position and the first speed stage area
(the forward-side first speed stage area F1 and the rear-
ward-side first speed stage area), the control device 100
realizes the first HMT transmitting state by having the
input-side first solenoid valve 325a positioned in the sup-
ply position to cause the hydraulic pressure of the input-
side first clutch mechanism 60a to be higher than or equal
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to an engagement hydraulic pressure (in the presentem-
bodiment, a sethydraulic pressure (clutch hydraulic pres-
sure ON) defined by the relief valve 122), and having the
input-side second solenoid valve 325b positioned in the
drain position to cause the hydraulic pressure of the input-
side second clutch mechanism 60b to be lower than the
engagement hydraulic pressure (in the present embod-
iment, a drain hydraulic pressure (clutch hydraulic pres-
sure OFF).

[0143] Thereupon, the control device 100 operates the
transmitting state switching actuator 300 so that the out-
put-side first and second clutch mechanisms 80a, 80b
are brought into the engagement state and the disen-
gagement state, respectively, thereby to realize a second
element output state in which the rotational power of the
second element is operatively transmitted to the speed
change output shaft 45.

[0144] Specifically, as shown in FIG. 5, when the
speed-change operating member 90 is positioned in the
vehicle speed zero position and the first speed stage area
(the forward-side first speed stage area F1 and the rear-
ward-side first speed stage area), the control device 100
realizes the second element output state by having the
output-side first solenoid valve 335a positioned in the
supply position to cause the hydraulic pressure of the
output-side first clutch mechanism 80a to be higher than
or equal to the engagement hydraulic pressure (in the
present embodiment, the set hydraulic pressure (clutch
hydraulic pressure ON)), and having the output-side sec-
ond solenoid valve 335b positioned in the drain position
to cause the hydraulic pressure of the output-side second
clutch mechanism 80b to be less than the engagement
hydraulic pressure (in the present embodiment, the drain
hydraulic pressure (clutch hydraulic pressure OFF)).
[0145] Meanwhile, when the speed-change operating
member 90 is positioned in the second speed stage area
(the forward-side second speed stage area F2 and the
rearward-side second speed stage area), the control de-
vice 100 operates the transmitting state switching actu-
ator 300 so that the input-side first and second input-side
clutch mechanisms 60a, 60b are brought into the disen-
gagement state and the engagement state, respectively,
thereby to realize the second HMT transmitting state in
which the second element acts as the reference power
input portion and the first element acts as the combined
power output portion.

[0146] Specifically, as shown in FIG. 5, when the
speed-change operating member 90 is positioned in the
second speed stage area (the forward-side second
speed stage area F2 and the rearward-side second
speed stage area), the control device 100 realizes the
second HMT transmitting state by having the input-side
first solenoid valve 325a positioned in the drain position
to cause the hydraulic pressure of the input-side first
clutch mechanism 60a to be lower than the engagement
hydraulic pressure (in the present embodiment, the drain
pressure (clutch hydraulic pressure OFF)), and having
the input-side second solenoid valve 325b positioned in
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the supply position to cause the hydraulic pressure of the
input-side second clutch mechanism 60b to be higher
than or equal to the engagement hydraulic pressure (in
the present embodiment, the set hydraulic pressure
(clutch hydraulic pressure ON).

[0147] Thereupon, the control device 100 operates the
transmitting state switching actuator 300 so that the out-
put-side first and second clutch mechanisms 80a, 80b
are brought into the disengagement state and the en-
gagement state, respectively, thereby to realize a first
element output state in which the rotational power of the
first element is operatively transmitted to the speed
change output shaft 45.

[0148] Specifically, as shown in FIG. 5, when the
speed-change operating member 90 is positioned in the
second speed stage area (the forward-side second
speed stage area F2 and the rearward-side second
speed stage area), the control device 100 realizes the
first element output state by having the output-side first
solenoid valve 335a positioned in the drain position to
cause the hydraulic pressure of the output-side first
clutch mechanism 80a to be lower than the engagement
hydraulic pressure (in the present embodiment, the drain
hydraulic pressure (clutch hydraulic pressure OFF)), and
having the output-side second solenoid valve 335b po-
sitioned in the supply position to cause the hydraulic pres-
sure of the output-side second clutch mechanism 80b to
be higher than or equal to the engagement hydraulic
pressure (in the present embodiment, the set hydraulic
pressure (clutch hydraulic pressure ON)).

[0149] As shown in FIG. 5, the planetary gear mecha-
nism 30 is so configured that, in the first HMT transmitting
state, the rotational speed of the combined rotational
power output from the second elementis zero asthe HST
output is the first HST speed, and is increased as the
HST output is changed from the first HST speed side to
the second HST speed side, meanwhile, in the second
HMT transmitting state, the rotational speed of the com-
bined rotational power output from the first element is
increased as the HST outputis changed from the second
HST speed side to the first HST speed side.

[0150] Further,the speed change ratio of the input-side
first transmission mechanism 50a (input-side first speed
change ratio) and the speed change ratio of the input-
side second transmission mechanism 50b (input-side
second speed change ratio) are so set that the rotational
speed of the second element at the time when the HST
output is set to the second HST speed in the first HMT
transmitting state is same as that of the second element
driven by the rotational power that is transmitted via the
input-side second transmission mechanism 50b in the
second HMT transmitting state, and the rotational speed
of the first element at the time when the HST output is
set to the second HST speed in the second HMT trans-
mitting state is same as that of the first element driven
by the rotational power that is transmitted via the input-
side first transmission mechanism 50a in the first HMT
transmitting state.
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[0151] The control device 100 operates the HST speed
change actuator 150 (in the present embodiment, the
hydraulic servo mechanism 152) so that the HST output
becomes the first HST speed according to the operation
of the speed-change operating member 90 to the vehicle
speed zero position, thereby to realize the zero speed of
the drive rotational power, and also operates the HST
speed change actuator 150 (in the present embodiment,
the hydraulic servo mechanism 152) so that the HST out-
put is changed from the first HST speed toward the sec-
ond HST speed according to the accelerating operation
of the speed-change operating member 90 from the ve-
hicle speed zero position within the first speed stage area,
thereby to accelerate the drive rotational power, that is
output from the second element, according to the accel-
erating operation of the speed-change operating mem-
ber 90 within the first speed stage area.

[0152] When the speed-change operating member 90
is shifted up from the forward-side first speed stage area
F1 to the forward-side second speed stage area F2; the
control device 100 is so configured as to, at afirst/second
speed stage shift-up start time point when the drive ro-
tational power has reached a predetermined speed
(first/second speed stage shift-up start speed), cause the
clutch mechanism (i.e., the second clutch mechanism),
which is disengaged in the first HMT transmitting state,
of one clutch mechanism pair out of the input-side clutch
mechanism pair and the output-side clutch mechanism
pair, to be instantly shifted from the disengagement state
to the engagement, and as to, at a first/second speed
stage shift-up end time point after an elapse of a prede-
termined time from the first/second speed stage shift-up
start time point, cause the clutch mechanism (i.e., the
first clutch mechanism), whichis engaged in the first HMT
transmitting state, of the one clutch mechanism pair, to
be instantly shifted from the engagement state to the dis-
engagement state, thereby to realize a shift-up double
transmitting state in which both of the first and second
clutch mechanisms in the one clutch mechanism pair are
engaged during the period from the first/second speed
stage shift-up start time point to the first/second speed
stage shift-up end time point, meanwhile, in the shift-up
double transmitting state, as to cause the first clutch
mechanism, which is engaged in the first HMT transmit-
ting state, of the other one clutch pair out of the input-
side clutch mechanism pair and the output-side clutch
mechanism pair, to be gradually shifted from the engage-
ment state to the disengagement state while having the
frictional plate being frictionally slid, and also as to the
second clutch mechanism, which is disengaged in the
first HMT transmitting state of the other one clutch mech-
anism pair, to be gradually shifted from the disengage-
ment state to the engagement state while having the fric-
tion plate being frictionally slid, thereby to switch from
the engagement state of the first clutch mechanism to
the engagement state of the second clutch mechanism
in the other one clutch mechanism pair.

[0153] According to the above configuration, the shift-
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up operation from the first HMT transmitting state to the
second HMT transmitting state can be smoothly per-
formed without causing a power transmission cutoff
state.

[0154] Further, in the present embodiment, the speed
change ratio of the output-side first transmission mech-
anism 70a (output-side first speed change ratio) and the
speed change ratio of the output-side second transmis-
sion mechanism 70b (output-side second speed change
ratio) are so set that the rotational speed that is realized
on the speed change output shaft 45 when the HST out-
putis setto the second HST speed in the first HMT trans-
mitting state is substantially same as the rotational speed
thatis realized on the speed change output shaft 45 when
the HST output is set to the second HST speed in the
second HMT transmitting state.

[0155] In the present embodiment, as shown in FIG.
5, the first/second speed stage shift-up start speed is set
to the speed of the drive rotational power that is realized
when the HST output is set to the second HST speed in
the first HMT transmitting state. According to the above
configuration, it is possible to effectively prevent or re-
duce the vehicle traveling speed from changing at the
time of switching between the first and second HMT
transmitting states.

[0156] As described above, in the present embodi-
ment, the output-side first and second clutch mecha-
nisms 80a, 80b are each of the friction plate type, and
thus, even if a slight speed difference is caused on the
speed change output shaft 45 at the time of switching
the transmitting state, it can be effectively absorbed by
the frictional sliding of the friction plate.

[0157] The control device 100 can recognize that the
drive rotational power reaches the first/second speed
stage shift-up start speed by, for example, a signal from
an output sensor 95 that detects the rotational speed of
the travel output shaft 47, the speed change output shaft
45 or the motor shaft 16. In the present embodiment, as
shown in FIG. 1, the output sensor 95 is so placed as to
detect the rotational speed of the travel output shaft 47.
[0158] In the present embodiment, the input-side first
and second solenoid valves 325a, 325b that switch sup-
ply and discharge of the operation oil to and from the
input-side first and second clutch mechanisms 60a, 60b
that form the input-side clutch mechanism pair are sole-
noid switching valves so that the increasing and decreas-
ing of the hydraulic pressure of the input-side first and
second clutch mechanisms 60a, 60b are instantly per-
formed.

[0159] Meanwhile, the output-side firstand second so-
lenoid valves 335a, 335b that switch supply and dis-
charge of the operation oil to and from the output-side
first and second clutch mechanisms 80a, 80b that form
the output-side clutch mechanism pair are solenoid pro-
portional valves so that the increasing and decreasing
rates of the hydraulic pressures of the output-side first
and second clutch mechanisms 80a, 80b are adjustable.
[0160] In this case, the input-side clutch mechanism
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pairis the one clutch mechanism pair and the output-side
clutch mechanism pair is the other one clutch mechanism
pair.

[0161] That is, as shown in FIG. 5, the control device
100, at the first/second speed stage shift-up start time
point, moves the input-side second solenoid valve 325b
from the drain position to the supply position thereby to
instantly shift the state of the input-side second clutch
mechanism 60b, which is one of the input-side clutch
mechanism pair that is in the disengagement state in the
first HMT transmitting state, from the disengagement
state to the engagement state, and, at the first/second
speed stage shift-up end time point, moves the input-side
first solenoid valve 325a from the supply position to the
drain position thereby to instantly shift the state of the
input-side first clutch mechanism 60a, which is of the
input-side clutch mechanism pair that is in the engage-
ment state in the first HMT transmitting state, from the
engagement state to the disengagement state, so that
the shift-up double transmitting state in which both the
input-side first and second clutch mechanisms 60a, 60b
of the input-side clutch mechanism pair are engaged is
realized during the period from the first/second speed
stage shift-up start time point to the first/second speed
stage shift-up end time point.

[0162] Further, the control device 100 moves the out-
put-side first solenoid valve 335a, which is the solenoid
proportional valve, from the supply position to the drain
position so as to gradually decrease the hydraulic pres-
sure of the output-side first clutch mechanism 80a from
the set hydraulic pressure (clutch hydraulic pressure ON)
via the engagement hydraulic pressure to the drain hy-
draulic pressure (clutch hydraulic pressure OFF) so that
the output-side first clutch mechanism 80a is gradually
shifted from the engagement state to the disengagement
state while having the friction plate frictionally slid, and
also moves the output-side second solenoid valve 335b,
which is the solenoid proportional valve, from the drain
position to the supply position thereby so as to gradually
increase the hydraulic pressure of the output-side second
clutch mechanism 80b from the drain hydraulic pressure
(clutch hydraulic pressure OFF) via the engagement hy-
draulic pressure to the set hydraulic pressure (clutch hy-
draulic pressure ON) so that the output-side second
clutch mechanism 80b is gradually shifted from the dis-
engagement state to the engagement state while having
the friction plate frictionally slid. The control device 100
performs the thus configured switching from the engage-
ment state of the output-side first clutch mechanism 80a
to the engagement state of the output-side second clutch
mechanism 80b, during the shift-up double transmitting
state.

[0163] In the present embodiment, as shown in FIG.
5, the movement of the output-side first solenoid valve
335a from the supply position to the drain position and
the movement of the output-side second solenoid valve
335b from the drain position to the supply position are
performed before the first/second speed stage shift-up
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start time point.

[0164] In detail, at the time point when the rotational
speed of the drive rotational power reaches afirst/second
speed stage shift-up preparation speed that is lower than
the first/second speed stage shift-up start speed by a
predetermined speed, the control device 100 moves the
output-side first solenoid valve 335a from the supply po-
sition to the drain position and moves the output-side
second solenoid valve 335b from the supply position to
the drain position.

[0165] In this case, the hydraulic pressure increas-
ing/decreasing rates of the output-side first and second
solenoid valves 335a, 335b, which are the solenoid pro-
portional valves, are so set that, during the period from
the first/second speed stage shift-up start time point to
the first/second speed stage shift-up end time point, the
hydraulic pressure of the output-side first clutch mecha-
nism 80a becomes from the set hydraulic pressure
(clutch hydraulic pressure ON) to less than the engage-
ment hydraulic pressure, and the hydraulic pressure of
the output-side second clutch mechanism 80b becomes
from the drain hydraulic pressure (clutch hydraulic pres-
sure OFF) to more than or equal to the engagement hy-
draulic pressure, and then the hydraulic pressure of the
output-side first clutch mechanism 80a reaches the drain
hydraulic pressure (clutch hydraulic pressure OFF) and
the hydraulic pressure of the output-side second clutch
mechanism 80b reaches the set hydraulic pressure
(clutch hydraulic pressure ON).

[0166] As shown in FIG. 5, when the speed-change
operating member 90 is positioned within the second
speed stage area (the forward-side second speed stage
area F2 and the rearward-side second speed stage ar-
ea), the control device 100 operates the HST speed
change actuator 150 such thatthe HST output is changed
from the second HST speed side to the first HST speed
side according to the accelerating operation of the speed-
change operating member 90, thereby to accelerate the
drive rotational power.

[0167] When the speed-change operating member 90
is shifted up from the forward-side second speed stage
area F2 to the forward-side third speed stage area F3;
the control device 100 is so configured as to, at a sec-
ond/third speed stage shift-up start time point when the
drive rotational power has reached a predetermined sec-
ond/third speed stage shift-up start speed, causes the
output-side second clutch mechanism 80b and the for-
ward-side clutch mechanism 410F to be instantly shifted
from the engagement state to the disengagement state,
and as to, at a second/third speed stage shift-up end time
point after an elapse of a predetermined time from the
second/third speed stage shift-up start time point, causes
the output-side third clutch mechanism 80c to be shifted
from the disengagement state to the engagement state,
thereby to realize a shift-up free-running state in which
the power transmission to the travel output shaft 47 is
cut off during the period from the second/third speed
stage shift-up start time point to the second/third speed
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stage shift-up end time point, and the control device 100,
during the shift-up free-running state, also operates the
HST speed change actuator 150 such that the HST out-
put becomes a predetermined second/third speed stage
switch speed.

[0168] Here, the predetermined second/third speed
stage switch speed is defined as a speed that causes
the rotational speed of the travel output shaft 47, which
is realized by the rotational power operatively transmitted
from the second element via the output-side third trans-
mission mechanism 70c, to match or approach the rota-
tional speed of the travel output shaft47, whichis realized
by the rotational power operatively transmitted from the
second element via the output-side second transmission
mechanism 70b and the forward-side transmission
mechanism 400F at the second/third speed stage shift-
up start time point.

[0169] In the present embodiment, the second/third
speed stage shift-up start speed that defines the sec-
ond/third speed stage shift-up start time point is defined
as the rotational speed of the travel output shaft 47 that
is realized by the rotational power operatively transmit-
ted, when the HST output is set to the first HST speed,
from the second element via the output-side second
transmission mechanism 70b and the forward-side trans-
mission mechanism 400F.

[0170] In the present embodiment, as described
above, the output-side third solenoid valve 335c that
switch supply and discharge of the operation oil to and
from the output-side third clutch mechanism 80c is a so-
lenoid proportional valve.

[0171] The hydraulic pressure increasing rate of the
output-side third solenoid valve 335c is so set that, during
a predetermined period from the second/third speed
stage shift-up start time point to the second/third speed
stage shift-up end time point, the hydraulic pressure of
the output-side third clutch mechanism 80c is gradually
increased from the drain hydraulic pressure (clutch hy-
draulic pressure OFF) to the engagement hydraulic pres-
sure.

[0172] In this case, the control device 100, at the sec-
ond/third speed stage shift-up start time point, moves the
output-side third solenoid valve 335c from the drain po-
sition to the supply position, making it possible to reliably
realize the shift-up free-running state during the period
fromthe second/third speed stage shift-up start time point
to the second/third speed stage shift-up end time point.
[0173] When the speed-change operating member 90
is positioned in the forward-side third speed stage area
F3, the control device 100 brings the output-side first and
second clutch mechanisms 80a, 80b into the disengage-
ment state and brings the output-side third clutch mech-
anism 80c into the engagement state with realizing the
second HMT transmitting state, and also operates the
HST speed change actuator 150 such that the rotational
speed of the drive rotational power becomes the rota-
tional speed that corresponds to the operating position
of the speed-change operating member 90.
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[0174] In detail, as shown in FIG. 5, when the speed-
change operating member 90 is positioned in the for-
ward-side third speed stage area F3, the control device
100 operates the HST speed change actuator 150 so
that the rotational speed of the HST output is changed
from the second/third speed stage switch speed side to
the first HST speed side according to the accelerating
operation of the speed-change operating member 90.
[0175] When the speed-change operating member 90
is positioned in the forward-side third speed stage area
F3, there is no need to transmit a power from the speed
change output shaft 45 to the travel output shaft47; there-
fore, the control device 100 disengages the forward-side
clutch mechanism 410F, as shown in FIG. 5.

[0176] Hereinafter, the speed change control that the
control device 100 performs when the speed-change op-
erating member 90 is operated in a decelerating direction
will be described.

[0177] FIG. 6 shows a relation among the time lapse,
the rotational speed of the drive rotational power of the
transmission structure 1, the output rotational speed of
the HST 10, and the hydraulic pressures of the clutch
mechanisms 60a- 60b, 80a- 80c and 410F, in a case
where the speed-change operating member 90 is oper-
ated in the decelerating direction from the forward-side
third speed stage area F3 via the forward-side second
speed stage area F2 to the forward-side first speed stage
area F1.

[0178] As shown in FIG. 6, when the speed-change
operating member 90 is positioned in the forward-side
third speed stage area F3, the control device 100, with
the second HMT transmitting state being realized, dis-
engages the output-side first and second clutch mecha-
nisms 80a, 80b and engages the output-side third clutch
mechanism 80c and disengages the forward-side clutch
mechanism 410F, and then operates the HST speed
change actuator 150 so that the rotational speed of the
HST output changes from the first HST speed side to the
second HST speed side according to the decelerating
operation of the speed-change operating member 90,
thereby to decrease, according to the decelerating oper-
ation of the speed-change operating member 90, the ro-
tational speed of the drive rotational power operatively
transmitted from the first element via the output-side third
transmission mechanism 70c and the output-side third
clutch mechanism 80c to the travel output shaft 47.
[0179] When the speed-change operating member 90
is shifted down from the forward-side third speed stage
area F3 to the forward-side second speed stage area F2;
the control device 100 is so configured as to, at the
third/second speed stage shift-down start time point
when the drive rotational power has reached a predeter-
mined speed (third/second speed stage shift-down start
speed), causes the output-side third clutch mechanism
80c to be shifted from the engagement state to the dis-
engagement state, and as to, at a third/second speed
stage shift-down end time point after an elapse of a pre-
determined time from the third/second speed stage shift-
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down start time point, causes the output-side second
clutch mechanism 80b and the forward-side clutch mech-
anism 410F to be shifted from the disengagement state
to the engagement state, thereby to realize a shift-down
free-running state in which the power transmission path
to the travel output shaft 47 is cut off during the period
from the third/second speed stage shift-down start time
pointto the third/second speed stage shift-down end time
point.

[0180] In the present embodiment, as shown in FIG.
6, the hydraulic pressure increasing rate of the output-
side second solenoid valve 335b is so set that, during
the predetermined time period from the third/second
speed stage shift-down start time point to the third/sec-
ond speed stage shift-down end time point, the hydraulic
pressure of the output-side second clutch mechanism
80b is gradually increased from drain hydraulic pressure
(clutch hydraulic pressure OFF) to engagement hydraulic
pressure.

[0181] Meanwhile, as shown in FIG. 6, the output-side
third solenoid valve 335c is so set as to, when changed
from the supply position to the drain position, instantly
lower the hydraulic pressure of the corresponding output-
side third clutch mechanism 80c from the set hydraulic
pressure (clutch hydraulic pressure ON) to the drain hy-
draulic pressure (clutch hydraulic pressure OFF).
[0182] Further, the forward-side solenoid valve 355F,
when changed from the drain position to the supply po-
sition, instantly ups the hydraulic pressure of the corre-
sponding forward-side clutch mechanism 410F from the
drain hydraulic pressure (clutch hydraulic pressure OFF)
to the engagement hydraulic pressure (in the presentem-
bodiment, the set hydraulic pressure (clutch hydraulic
pressure ON)).

[0183] As shown in FIG. 6, the control device 100 is
so configured, atthe third/second speed stage shift-down
start time point, as to move the output-side third solenoid
valve 335c from the supply position to the drain position
and move the output-side second solenoid valve 335b
from the drain position to the supply position, and at the
third/second speed stage shift-down end time point, as
to move the forward-side solenoid valve 355F from the
drain position to the supply position, thereby to reliably
realize the shift-down free-running state in the predeter-
mined time period from the third/second speed stage
shift-down start time point to the third/second speed
stage shift-down end time point.

[0184] Further, the control device 100 is so configured
as to change the speed of the HST 10 via the HST speed
change actuator 150 in the shift-down free-running state
such that the rotational speed of the travel output shaft
47 rotatably driven via the output-side second transmis-
sion mechanism 70b and the forward-side transmission
mechanism 400F at the third/second speed stage shift-
down end time point matches or approaches the rota-
tional speed of the travel output shaft 47 rotatably driven
via the output-side third transmission mechanism 70c at
the third/second speed stage shift-down start time point.
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[0185] Here, the predetermined third/second speed
stage switching speed is defined as a speed that causes
the rotational speed, which is realized on the travel output
shaft 47 when the HST output is set to the third/second
speed stage switching speed in the state in which the
rotational power is operatively transmitted from the first
element via the output-side third transmission mecha-
nism 70c to the travel output shaft 47, to match or ap-
proach the rotational speed, which can be realized on
the travel output shaft 47 in the state in which the rota-
tional power is operatively transmitted from the first ele-
ment via the output-side second transmission mecha-
nism 70b and the forward-side transmission mechanism
400F to the travel output shaft 47.

[0186] In the present embodiment, as shown in FIG.
6, the third/second speed stage switching speed is de-
fined as a speed that causes the rotational speed, which
is realized on the travel output shaft 47 when the HST
output is set to the third/second speed stage switching
speed in the state in which the rotational power is oper-
atively transmitted from the first element via the output-
side third transmission mechanism 70c to the travel out-
put shaft 47, to match or approach the rotational speed,
which is realized on the travel output shaft 47 when the
HST output is set to the first HST speed in the state in
which the rotational power is operatively transmitted from
the first element via the output-side second transmission
mechanism 70b and the forward-side transmission
mechanism 400F to the travel output shaft 47.

[0187] Preferably, the third/second speed stage
switching speed is substantially the same speed as the
second/third speed stage switching speed. The above
configuration can simplify the control structure of the con-
trol device 100.

[0188] As shown in FIG. 6, when the speed-change
operating member 90 is positioned in the forward-side
second speed stage area F2, the control device 100, with
the second HMT transmitting state realized, brings the
output-side second clutch mechanism 80b and the for-
ward-side clutch mechanism 410F into the engagement
state and the output-side first and third clutch mecha-
nisms 80a, 80c into the disengagement state, and then
operates the HST speed change actuator 150 so that the
rotational speed of the HST output is changed from the
first HST speed side to the second HST speed side ac-
cording to the decelerating operation of the speed-
change operating member 90, thereby to decelerate the
drive rotational power according to the decelerating op-
eration of the speed-change operating member 90.
[0189] When the speed-change operating member 90
is shifted down from the forward-side second speed
stage area F2 to the forward-side first speed stage area
F1; the control device 100 is so configured, at a sec-
ond/first speed stage shift-down start time point when
the drive rotational power reaches a predetermined
speed (the second/first speed stage shift-down start
speed), as to instantly transfer, from the disengagement
state to the engagement state, the first clutch mechanism
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(the input-side first clutch mechanism 60a) on one clutch
mechanism pair (for example, the input-side clutch mech-
anism) out of the input-side clutch mechanism pair and
the output-side clutch mechanism pair, and at a sec-
ond/first speed stage shift-down end time point after an
elapse of a predetermined time from the second/first
speed stage shift-down start time point, as to instantly
transfer, from the engagement state to the disengage-
ment state, the second clutch mechanism (the input-side
second clutch mechanism 60b) of the one clutch mech-
anism pair (the input-side clutch mechanism pair), there-
by to realize a shift-down double transmitting state in
which both of the first and second clutch mechanisms in
the one clutch mechanism pair (the input-side clutch
mechanism pair) are engaged during the period from the
second/first speed stage shift-down start time point to
the second/first speed stage shift-down end time point,
meanwhile, in the shift-down double transmitting state,
as to, while having the friction plates frictional slid, trans-
fer, from the disengagement state to the engagement
state, the first clutch mechanism (the output-side first
clutch mechanism 80a) of the other one clutch mecha-
nism pair (the output-side clutch mechanism pair) out of
the input-side clutch mechanism pair and the output-side
clutch mechanism pair, and as to, while having the friction
plate frictionally slid, transfer, from the engagement state
to the disengagement state, the second clutch mecha-
nism (the output-side second clutch mechanism 80b) of
the other one clutch mechanism pair, thereby to switch
from the engagement state of the second clutch mech-
anism to the engagement state of the first clutch mech-
anismin the other one clutch mechanism pair (the output-
side clutch mechanism pair).

[0190] According to the above configuration, the shift-
down movement from the second HMT transmitting state
to the first HMT transmitting state can be smoothly per-
formed without causing a power transmission cutoff
state.

[0191] In the present embodiment, as shown in FIG.
6, the second/first speed stage shift-down start speed is
set to the speed of the drive rotational power that is re-
alized when the HST output is set to have the second
HST speed in the second HMT transmitting state.
[0192] As described above, in the present embodi-
ment, the output-side first and second solenoid valves
335a, 335b that switch supply and discharge of the op-
eration oil to and from the output-side first and second
clutch mechanisms 80a, 80b that form the output-side
clutch mechanism pair are solenoid proportional valves,
making it possible to adjust the increasing/decreasing
rates of the hydraulic pressures of the output-side first
and second clutch mechanisms 80a, 80b.

[0193] In this case, the input-side clutch mechanism
pairis the one clutch mechanism pair and the output-side
clutch mechanism pair is the other one clutch mechanism
pair.

[0194] As shown in FIG. 6, the control device 100, at
the second/first speed stage shift-down start time point,
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moves the input-side first solenoid valve 325a from the
drain position to the supply position, and instantly trans-
fers, from the disengagement state to the engagement
state, the input-side first clutch mechanism 60a of the
input-side clutch mechanism pair thatisin the disengage-
ment state in the second HMT transmitting state, and at
the second/first speed stage shift-down end time point,
moves the input-side second solenoid valve 325b from
the supply position to the drain position, and instantly
transfers, from the engagement state to the disengage-
ment state, the input-side second clutch mechanism 60b
of the input-side clutch mechanism pair that is in the en-
gagement state in the second HMT transmitting state,
thereby to realize the shift-down double transmitting state
in which both of the input-side first and second clutch
mechanisms 60a, 60b in the input-side clutch mechanism
pair are engaged during the period from the second/first
speed stage shift-down start time point to the second/first
speed stage shift-down end time point.

[0195] Further, the control device 100 moves the out-
put-side second solenoid valve 335b, which is of a sole-
noid proportional valve, from the supply position to the
drain position thereby to gradually decrease the hydraulic
pressure of the output-side second clutch mechanism
80b from the set hydraulic pressure (clutch hydraulic
pressure ON) to less than the engagement hydraulic
pressure (in detail, drain hydraulic pressure (clutch hy-
draulic pressure OFF)) so as to cause the output-side
second clutch mechanism 80b to be gradually shifter
from the engaged state to the disengaged state thereby
while having the friction plate frictionally slid, and moves
the output-side first solenoid valve 335a, which is of a
solenoid proportional valve, from the drain position to the
supply position thereby to gradually increase the hydrau-
lic pressure of the output-side first clutch mechanism 80a
from the drain hydraulic pressure (clutch hydraulic pres-
sure OFF) to more than or equal to the engagement hy-
draulic pressure (in detail, set hydraulic pressure (clutch
hydraulic pressure ON)) so as to cause the output-side
first clutch mechanism 80a to be gradually shifted from
the disengagement state to the engagement state while
having the friction plates frictionally slid, performing the
switching from the engagement state of the output-side
second clutch mechanism 80b to the engagement state
of the output-side first clutch mechanism 80a during the
shift-down double transmitting state.

[0196] In the present embodiment, as shown in FIG.
6, the movement of the output-side second solenoid
valve 335b from the supply position to the drain position
and the movement of the output-side first solenoid valve
335a from the drain position to the supply position are
performed prior to the second/first speed stage shift-
down start time point.

[0197] In detail, the control device 100 is so configured
that, when the rotational speed of the drive rotational
power reaches a second/first speed stage shift-down
preparation speed that is faster than the second/first
speed stage shift-down start speed by a predetermined
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speed, the control device 100 moves the output-side sec-
ond solenoid valve 335b from the supply position to the
drain position and moves the output-side first solenoid
valve 335a from the drain position to the supply position.
[0198] In this case, the hydraulic pressure increas-
ing/decreasing rates of the output-side first and second
solenoid valves 335a, 335b, which are solenoid propor-
tional valves, are so set that, in the shift-down double
transmitting state from the second/first speed stage shift-
down starttime pointto the second/first speed stage shift-
down end time point, the hydraulic pressure of the output-
side first clutch mechanism 80a increases from the drain
hydraulic pressure (clutch hydraulic pressure OFF) to
more than or equal to the engagement hydraulic pres-
sure, and the hydraulic pressure of the output-side sec-
ond clutch mechanism 80b decreases from the set hy-
draulic pressure (clutch hydraulic pressure ON) to less
than the engagement hydraulic pressure, and after an
elapse of a predetermined time from the second/first
speed stage shift-down end time point, the hydraulic
pressure of the output-side first clutch mechanism 80a
reaches the sethydraulic pressure (clutch hydraulic pres-
sure ON), and the hydraulic pressure of the output-side
second clutch mechanism 80b reaches the drain hydrau-
lic pressure (clutch hydraulic pressure OFF).

[0199] In the present embodiment, as described
above, the output-side first and second solenoid valves
335a, 335b are solenoid proportional valves so that the
hydraulic pressures of the first and second clutch mech-
anisms 80a, 80b can be gradually increased and de-
creased, while the input-side first and second solenoid
valves 325a, 325b are solenoid switching valves so that
the hydraulic pressures of the input-side first and second
clutch mechanisms 60a, 60b are instantly increased and
decreased. However, as a matter of course, the present
invention is not limited to the above embodiment.
[0200] For example, it may be so modified to use so-
lenoid switching valves as the output-side first and sec-
ond solenoid valves 335a, 335b, and use solenoid pro-
portional valves as the input-side first and second sole-
noid valves 325a, 325b. FIGS. 7 and 8 show graphs of
a first modified example in which the thus modification is
applied, and corresponds to FIGS. 5 and 6, respectively.
[0201] Here, the control structure at the time when the
speed stage is changed between the forward-side sec-
ond speed stage and the forward-side third speed stage.
[0202] FIG. 9is a graph showing a relation among the
time lapse, the rotational speed of the drive rotational
power of a transmission structure according to a second
modified example, the output rotational speed of the
HST, and the hydraulic pressures of the clutch mecha-
nisms, in a case where the speed-change operating
member 90 is operated in the forward-side accelerating
direction fromthe vehicle speed zero position in the trans-
mission structure according to the second modified ex-
ample.

[0203] The second modified example is different from
the present embodiment in the control structure that is
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performed in the shift-up operation from the forward-side
second speed stage F2 to the forward-side third speed
stage F3.

[0204] Specifically, as shown in FIG. 9, in the second
modified example, when the speed-change operating
member 90 is shifted up from the forward-side second
speed stage area to the forward-side third speed stage
area, the control device 100 realizes the shift-up free-
running state in which the power transmission to the trav-
el output shaft 47 is cut off during the period from the
second/third speed stage shift-up start time point to the
second/third speed stage shift-up end time point, by

- starting, at a second/third speed stage shift-up prep-
aration time point when the drive rotational power
has reached the second/third speed stage shift-up
preparation speed, the transition of one (the output-
side second clutch mechanism 80b in FIG. 9) of the
output-side second clutch mechanism 80b and the
forward-side clutch mechanism 410F from the en-
gagement state to the disengagement state while
having the friction plates frictionally slid and then
bringing, at the second/third speed stage shift-up
start time point after an elapse of a predetermined
time from the second/third speed stage shift-up prep-
aration time point, the one of the output-side second
clutch mechanism 80b and the forward-side clutch
mechanism 410F into the disengagement state,

- shifting, at a second/third speed stage shift-up inter-
mediate time point after an elapse of a predeter-
mined time from the second/third speed stage shift-
up start time point, the other one (the forward-side
clutch mechanism 410F in FIG. 9) of the output-side
second clutch mechanism 80b and the forward-side
clutch mechanism 410F from the engagement state
to the disengagement state, and

- shifting, at the second/third speed stage shift-up end
time point after an elapse of a predetermined time
from the second/third speed stage shift-up interme-
diate time point, the output-side third clutch mecha-
nism 80c from the disengagement state to the en-
gagement state.

[0205] Further, the control device 100 is so configured
as to change the speed of the HST 10 via the HST speed
change actuator 150 in the shift-up free-running state
such that the rotational speed of the travel output shaft
47 rotatably driven via the output-side third transmission
mechanism 70c at the second/third speed stage shift-up
end time point matches or approaches the rotational
speed of the travel output shaft 47 just before the output-
side third clutch mechanism 80c is shifted to the engage-
ment state.

[0206] In the second modified example shown in FIG.
9, therotational speed of the HST output is changed from
the second-speed-stage-side second/third speed stage
switching speed (the first HST speed in this example) to
the third-speed-stage-side second/third speed stage
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switching speed during the shift-up free-running state
fromthe second/third speed stage shift-up start time point
to the second/third speed stage shift-up end time point.
[0207] FIG. 10 is a graph showing a relation among
the time lapse, the rotational speed of the drive rotational
power of a transmission structure according to a third
modified example, the output rotational speed of the
HST, and the hydraulic pressures of the clutch mecha-
nisms, in a case where the speed-change operating
member 90 is operated in the forward-side accelerating
direction fromthe vehicle speed zero position in the trans-
mission structure according to the third modified exam-
ple.

[0208] The third modified example is different from the
present embodiment also in the control structure that is
performed in the shift-up operation from the forward-side
second speed stage F2 to the forward-side third speed
stage F3.

[0209] Specifically, as shown in FIG. 10, in the third
modified example, when the speed-change operating
member 90 is shifted up from the forward-side second
speed stage area to the forward-side third speed stage
area, the control device 100 realizes the shift-up free-
running state in which the power transmission to the trav-
el output shaft 47 is cut off during the period from the
second/third speed stage shift-up start time point to the
second/third speed stage shift-up end time point, by

- starting, at the second/third speed stage shift-up
preparation time point when the drive rotational pow-
er has reached the second/third speed stage shift-
up preparation speed, the transition of the output-
side second clutch mechanism 80b from the engage-
ment state to the disengagement state while having
the friction plates frictionally slid and the transition
of the output-side third clutch mechanism 80c from
the disengagement state to the engagement state
while having the friction plates frictionally slid, and
at the second/third speed stage shift-up end time
point after the elapse of the predetermined time from
the second/third speed stage shift-up preparation
time point, bringing the output-side second clutch
mechanism 80b into the disengagement state while
bringing the output-side third clutch mechanism 80c
into the engagement state, and

- shifting, at the time point (that is, the second/third
speed stage shift-up start time point) before the sec-
ond/third speed stage shift-up start time point, the
forward-side clutch mechanism 410F from the en-
gagement state to the disengagement state.

[0210] Further, the control device 100 is so configured
as to change the speed of the HST 10 via the HST speed
change actuator 150 in the shift-up free-running state
such that the rotational speed of the travel output shaft
47 rotatably driven via the output-side third transmission
mechanism 70c at the second/third speed stage shift-up
end time point matches or approaches the rotational
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speed of the travel output shaft 47 just before the output-
side third clutch mechanism 80c is shifted to the engage-
ment state.

[0211] Alsointhe third modified example showninFIG.
10, the rotational speed of the HST output is changed
from the second-speed-stage-side second/third speed
stage switching speed (the first HST speed in this exam-
ple) to the third-speed-stage-side second/third speed
stage switching speed during the shift-up free-running
state from the second/third speed stage shift-up starttime
point to the second/third speed stage shift-up end time
point.

[0212] FIG. 11 is a graph showing a relation among
the time lapse, the rotational speed of the drive rotational
power of a transmission structure according to a fourth
modified example, the output rotational speed of the
HST, and the hydraulic pressures of the clutch mecha-
nisms, in a case where the speed-change operating
member 90 is operated in the decelerating direction from
the forward-side third speed stage area via the forward-
side second speed stage area to the forward-side first
speed stage area.

[0213] The fourth modified example is different from
the present embodiment in the control structure that is
performed in the shift-down operation from the forward-
side third speed stage F3 to the forward-side second
speed stage F2.

[0214] Specifically, as shown in FIG. 11, in the fourth
modified example, when the speed-change operating
member 90 is shifted down from the forward-side third
speed stage area to the forward-side second speed stage
area, the control device 100 realizes the shift-down free-
running state in which the power transmission to the trav-
el output shaft 47 is cut off during the period from the
third/second speed stage shift-down start time point to
the third/second speed stage shift-down end time point,
by

- shifting, at the third/second speed stage shift-down
start time point when the drive rotational power has
reached the predetermined third/second speed
stage shift-down start speed, the output-side third
clutch mechanism 80c from the engagement state
to the disengagement state,

- shifting, at a third/second speed stage shift-down in-
termediate time point after the elapse of the prede-
termined time from the third/second speed stage
shift-down start time point, the forward-side clutch
mechanism 410F from the disengagement state to
the engagement state, and

- shifting, at the third/second speed stage shift-down
end time point after the elapse of the predetermined
time from the third/second speed stage shift-down
intermediate time point, the output-side second
clutch mechanism 80b from the disengagement
state to the engagement state.

[0215] Further, the control device 100 is so configured
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as to change the speed of the HST 10 via the HST speed
change actuator 150 in the shift-down free-running state
such that the rotational speed of the travel output shaft
47 rotatably driven via the output-side second transmis-
sion mechanism 70b and the forward-side transmission
mechanism 400F at the third/second speed stage shift-
down end time point matches or approaches the rota-
tional speed of the travel output shaft 47 just before the
output-side second clutch mechanism 80b is shifted to
the engagement state.

[0216] In the fourth modified example shown in FIG.
11, the rotational speed of the HST output is changed
from the third-speed-stage-side third/second speed
stage switching speed to the second-speed-stage-side
third/second speed stage switching speed during the
shift-down free-running state from the third/second
speed stage shift-down start time point to the third/sec-
ond speed stage shift-down end time point.

[0217] According to the fourth modified example, the
transition of the output-side second clutch mechanism
80b from the disengagement state to the engagement
state in the shift-down operation from the forward-side
third speed stage to the forward-side second speed stage
can be performed in a state where a rotational speed
difference between a driving side and a driven side in the
output-side second clutch mechanism 80b is reduced.
[0218] Accordingly, it can be prevented that a large
reverse torque is transmitted from the side of the travel
output shaft 47 to the main driving shaft 212 in the shift-
down operation from the forward-side third speed stage
to the forward-side second speed state, and thereby to
effectively prevent an engine stall of the drive source 210
caused by an overload or the like.

[0219] FIG. 12 is a graph showing a relation among
the time lapse, the rotational speed of the drive rotational
power of a transmission structure according to a fifth
modified example, the output rotational speed of the
HST, and the hydraulic pressures of the clutch mecha-
nisms, in a case where the speed-change operating
member 90 is operated in the decelerating direction from
the forward-side third speed stage area via the forward-
side second speed stage area to the forward-side first
speed stage area.

[0220] The fifth modified example is different from the
fourth modified example only in that the transition of the
output-side second clutch mechanism 80b from the dis-
engagement state to the engagement state is gradually
performed in such a manner that the friction plates are
frictionally slid.

[0221] FIG. 13 is a graph showing a relation among
the time lapse, the rotational speed of the drive rotational
power of a transmission structure according to a sixth
modified example, the output rotational speed of the
HST, and the hydraulic pressures of the clutch mecha-
nisms, in a case where the speed-change operating
member 90 is operated in the decelerating direction from
the forward-side third speed stage area via the forward-
side second speed stage area to the forward-side first
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speed stage area.

[0222] Regarding a control structure performed at the
shift-down from the forward-side third speed stage F3,
the sixth modified example is different from the fourth
and fifth modified examples.

[0223] Specifically, as shown in FIG. 13, in the sixth
modified example, when the speed-change operating
member 90 is shifted down from the forward-side third
speed stage areato the forward-side second speed stage
area, the control device 100 realizes the shift-down free-
running state in which the power transmission to the trav-
el output shaft 47 is cut off during the period from the
third/second speed stage shift-down start time point to
the third/second speed stage shift-down end time point,
by

- shifting, at the third/second speed stage shift-down
start time point when the drive rotational power has
reached the predetermined third/second speed
stage shift-down start speed, the output-side second
clutch mechanism 80b from the engagement state
to the disengagement state,

- shifting, at the third/second speed stage shift-down
intermediate time point after the elapse of the pre-
determined time from the third/second speed stage
shift-down start time point, the output-side second
clutch mechanism 80b from the disengagement
state to the engagement state, and

- shifting, at the third/second speed stage shift-down
end time point after the elapse of the predetermined
time from the third/second speed stage shift-down
intermediate time point, the forward-side clutch
mechanism 410F from the disengagement state to
the engagement state.

[0224] The control device 100 changes the rotational
speed of the output of the HST 10 via the HST speed
change actuator 150, during a period between the time
point (that is, the third/second speed stage shift-down
start time point) when the output-side third clutch mech-
anism 80c is shifted from the engagement state to the
disengagement state and the time point (that is, the
third/second speed stage shift-down intermediate time
point) when the output-side second clutch mechanism
80b is shifted from the disengagement state to the en-
gagement state, in such a manner as that the rotational
speed of the speed change output shaft 45 rotatably driv-
en via the output-side second transmission mechanism
70b atthe time point (thatis, the third/second speed stage
shift-down intermediate time point) when the output-side
second clutch mechanism 80b is shifted from the disen-
gagement state to the engagement state matches or ap-
proaches the actual rotational speed realized on the
speed change output shaft 45 just before the output-side
second clutch mechanism 80b is shifted to the engage-
ment state.

[0225] Further, the control device 100 changes the ro-
tational speed of the output of the HST 10 via the HST
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speed change actuator 150, during a period between the
time point when the output-side second clutch mecha-
nism 80b is shifted from the disengagement state to the
engagement state and the time point when the forward-
side clutch mechanism 410F is shifted from the disen-
gagement state to the engagement state, in such a man-
ner as that the rotational speed of the travel output shaft
47 rotatably driven via the output-side second transmis-
sion mechanism 70b and the forward-side transmission
mechanism 400F at the time point (that is, the third/sec-
ond speed stage shift-down end time point) when the
forward-side clutch mechanism 410F is shifted from the
disengagement state to the engagement state matches
or approaches the actual rotational speed realized on the
travel output shaft 47 just before the forward-side clutch
mechanism 410F is shifted to the engagement state.
[0226] Specifically, in theory, the rotational power is
not transmitted from the drive source 210 to the speed
change output shaft 45 at the time when the forward-side
third speed stage is in the engagement state, since the
output-side second clutch mechanism 80b is disengaged
at the time.

[0227] However, in a below-described transmission
case 500 that accommodates the transmission structure,
oil is stored for lubricating and cooling. In the disengage-
ment state of the output-side second clutch mechanism
80b, the rotational power is actually transmitted via stored
oil from the driving side to the driven side of the output-
side second clutch mechanism 80b so that the speed
change output shaft 45 is rotated.

[0228] Considering this point, in the sixth modified ex-
ample, the HST performs a speed change (hereinafter
referred to as afirst-step speed change), at the time point
(the third/second speed stage shift-down intermediate
time point) when only the output-side second clutch
mechanism 80b is shifted from the disengagement state
to the engagement state, in such a manner as that the
rotational speed of the speed change output shaft 45
rotatably driven via the output-side second transmission
mechanism 70b matches or approaches the actual rota-
tional speed of the speed change output shaft 45 rotated
via the stored oil at that time point, and then performs a
speed change (hereinafter referred to as a second-step
speed change), at the time point (the third/second speed
stage shift-down end time point) when the forward-side
clutch mechanism 410F is shifted from the disengage-
ment state to the engagement state, in such a manner
as that the rotational speed of the travel output shaft 47
rotatably driven via the output-side second transmission
mechanism 70b and the forward-side transmission
mechanism 400F matches or approaches the rotational
speed of the travel output shaft 47 just before the forward-
side clutch mechanism 410F is shifted to the engagement
state.

[0229] The configuration makes it possible to prevent
a large reverse torque from being transmitted from the
side of the travel output shaft 47 to the main driving shaft
212 in the shift-down operation from the forward-side
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third speed stage to the forward-side second speed state,
and thereby to effectively prevent an engine stall of the
drive source 210 caused by an overload or the like.
[0230] As shown in FIG. 13, the first-step speed
change is configured so that the rotational speed of the
HST output is changed from the third-speed-stage-side
third/second speed stage switching speed to a third/sec-
ond speed stage switching intermediate speed, and the
second-step speed change is configured so that the ro-
tational speed of the HST output is changed from the
third/second speed stage switching intermediate speed
to a second-speed-stage-side third/second speed stage
switching speed.

[0231] FIG. 14 is a graph showing a relation among
the time lapse, the rotational speed of the drive rotational
power of a transmission structure according to a seventh
modified example, the output rotational speed of the
HST, and the hydraulic pressures of the clutch mecha-
nisms, in a case where the speed-change operating
member 90 is operated in the decelerating direction from
the forward-side third speed stage area via the forward-
side second speed stage area to the forward-side first
speed stage area.

[0232] As shown in FIG. 14, the seventh modified ex-
ample is different from the sixth modified example only
in that the transition of the output-side second clutch
mechanism 80b from the disengagement state to the en-
gagement state is instantly performed.

[0233] FIG. 15 is a graph showing a relation among
the time lapse, the rotational speed of the drive rotational
power of a transmission structure according to an eighth
modified example, the output rotational speed of the
HST, and the hydraulic pressures of the clutch mecha-
nisms, in a case where the speed-change operating
member 90 is operated in the forward-side accelerating
direction from the vehicle speed zero position.

[0234] The eighth modified example is different from
the second modified example in the HST speed-change
control that is performed in the shift-up operation from
the forward-side second speed stage to the forward-side
third speed stage is changed.

[0235] In the second modified example (see FIG. 9),
the control device 100 performs the HST speed-change
control in the free-running state from the second/third
speed stage shift-up start time point to the second/third
speed stage shift-up end time point with setting, as a
target rotational speed, a rotational speed (that is, the
third-speed-stage-side second/third speed stage switch
speed)thatthe HST 100 should output at the second/third
speed stage shift-up end time point

[0236] Meanwhile, in the eighth modified example, as
shown in FIG. 15, the control device 100 performs the
HST speed-change control in the shift-up operation from
the forward-side second speed stage to the forward-side
third speed stage with setting, as the target rotational
speed, a start-period target speed that is increased to an
opposite side of an after-shift speed stage switch speed
(that is, the third-speed-stage-side second/third speed
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stage switch speed), which the HST 10 should output at
the second/third speed stage shift-up end time point, from
the actual rotational speed of the HST output at the sec-
ond/third speed stage shift-up start time point, in a start
period from the second/third speed stage shift-up start
time point to a time point after an elapse of a predeter-
mined time from the second/third speed stage shift-up
start time point. Further, the control device 100 performs
the HST speed-change control with setting, as the target
rotational speed, an HST output rotational speed that
causes the rotational speed of the travel output shaft 47,
which is realized by the rotational power operatively
transmitted via the output-side third transmission mech-
anism 70c at the time point when the output-side third
clutch mechanism 80c is shifted to the engagement state,
to match the actual rotational speed of the travel output
shaft 47 just before the output-side third clutch mecha-
nism 80c is shifted to the engagement state, after the
start period.

[0237] The eighth modified example makes it possible
to quickly perform the speed change of the HST 10 in
the shift-up operation from the forward-side second
speed stage to the forward-side third speed stage.
[0238] In the eighth modified example, the start-period
target speed is one (the second HST speed in this ex-
ample) of the first and second HST speeds that is posi-
tioned on an opposite side of the after-shift speed stage
switch speed from the actual rotational speed of the HST
output at the speed stage shift-up start time point.
[0239] FIG. 16 shows arelation among the time lapse,
the rotational speed of the drive rotational power of a
transmission structure according to a ninth modified ex-
ample, the output rotational speed of the HST, and the
hydraulic pressures of the clutch mechanisms, in a case
where the speed-change operating member 90 is oper-
ated in the decelerating direction from the forward-side
third speed stage area via the forward-side second speed
stage area to the forward-side first speed stage area.
[0240] The ninth modified example is different from the
fifth modified example in the HST speed-change control
that is performed in the shift-down operation from the
forward-side third speed stage to the forward-side sec-
ond speed stage is changed.

[0241] In the fifth modified example (see FIG. 12), the
control device 100 performs the HST speed-change con-
trol in the free-running state from the third/second speed
stage shift-down start time point to the third/second
speed stage shift-down end time point with setting, as a
target rotational speed, a rotational speed (that is, sec-
ond-speed-stage-side third/second speed stage switch
speed, and the first HST speed in FIG. 12) that the HST
100 should output at the third/second speed stage shift-
down end time point.

[0242] Meanwhile, in the ninth modified example, as
shown in FIG. 16, the control device 100 performs the
HST speed-change control in the shift-down operation
from the forward-side third speed stage to the forward-
side second speed stage with setting, as the target rota-
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tional speed, a start-period target speed thatis increased
to an opposite side of an after-shift speed stage switch
speed (that is, the second-speed-stage-side third/sec-
ond speed stage switch speed), which the HST 10 should
output at the third/second speed stage shift-down end
time point, from the actual rotational speed of the HST
output at the third/second speed stage shift-down start
time point, in a start period from the third/second speed
stage shift-up start time point to a time point after an
elapse of a predetermined time from the third/second
speed stage shift-up start time point. Further, the control
device 100 performs the HST speed-change control with
setting, as the target rotational speed, an HST output
rotational speed that causes the rotational speed of the
travel output shaft 47, which is realized by the rotational
power operatively transmitted via the output-side second
transmission mechanism 70b and the forward-side trans-
mission mechanism 400F at the time point when the out-
put-side second clutch mechanism 80b is shifted to the
engagement state, to match the actual rotational speed
of the travel output shaft 47 just before the output-side
second clutch mechanism 80b is shifted to the engage-
ment state, after the start period. The ninth modified ex-
ample makes it possible to quickly perform the speed
change of the HST 10 in the shift-down operation from
the forward-side third speed stage to the forward-side
second speed stage.

[0243] In the ninth modified example, the start-period
target speed is one (the first HST speed in this example)
of the first and second HST speeds that is positioned on
an opposite side of the after-shift speed stage switch
speed from the actual rotational speed of the HST output
at the speed stage shift-down start time point.

[0244] Needless to say, ltis possible to apply the HST
speed-change control in the eighth and ninth modified
examples to the present embodiment and another mod-
ified examples.

[0245] The following is a description of the installation
structure of the transmission structure 1. In the present
embodiment, the HST 10, the planetary gear mechanism
30, the input-side first and second transmission mecha-
nisms 50a, 50b, the input-side first and second clutch
mechanisms 60a, 60b, the output-side first and second
transmission mechanisms 70a, 70b, the output-side first
and second clutch mechanisms 80a, 80b, the speed
change intermediate shaft 43, the speed change output
shaft 45, and the travel output shaft 47 are housed in a
transmission case 500 of the work vehicle 200.

[0246] In detail, as shown in FIG. 3, the transmission
case 500 has a hollow case body 510. In the present
embodiment, the case body 510 has first and second
cases 512, 515 connected to each other in series along
the longitudinal direction.

[0247] The transmission case 500 has a first bearing
plate 520 that partitions the internal space of the case
body 510 into front and rear sections, and a second bear-
ing plate 530 that positioned on a rearward side of the
first bearing plate 520 in the front-rear direction of the
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vehicle and that further partitions the internal space of
the rear section of the case body 510 into front and rear
parts.

[0248] Thatis, the first and second bearing plates 520,
530 partition the internal space of the case body 510 into
afront chamber 510F on the front side of the first bearing
plate 520, a middle chamber 510M sandwiched between
the first and second bearing plates 520, 530 in the front-
rear direction, and a rear chamber 510R on the rear side
of the second bearing plate 530.

[0249] AsshowninFIG. 3,inthe present embodiment,
the first bearing plate 520 is detachably connected to the
first case 512 near the rear opening of the first case 512
via a bolt or any other fastening member, while the sec-
ond bearing plate 530 is detachably connected to the
second case 515 near the front opening of the second
case 515 via a bolt or any other fastening member.
[0250] As shown in FIGS. 1 and 3, the main driving
shaft 212, the speed change intermediate shaft 43, the
speed change output shaft 45 and the travel output shaft
47 are, in a state of being along the vehicle forward/rear-
ward direction, supported by the first and second bearing
plates 520 and 530 in arotatable manner around the axis
line.

[0251] AsshowninFIG. 3, the input-side first and sec-
ond clutch mechanisms 60a, 60b are, in a state of being
placed in the middle chamber 510M, supported by the
main driving shaft 212.

[0252] The input-side first and second transmission
mechanisms 50a, 50b are, in a state of being placed in
the middle chamber 510M, supported by the main driving
shaft 212 and the speed change intermediate shaft 43.
[0253] Asshown in FIG. 3, on the rear side of the sec-
ond bearing plate 530, the transmission case 500 has a
third bearing plate 540 provided in the case body 510. In
the present embodiment, the third bearing plate 540 is
formed integrally with the case body 510 (the second
case 515).

[0254] The output-side first and second clutch mech-
anisms 80a, 80b, in a state of being placed in the middle
chamber 510M, are supported by the speed change out-
put shaft 45.

[0255] The output-side first and second transmission
mechanisms 70a, 70b, in a state of being placed in the
middle chamber 510M, are supported by the speed
change intermediate shaft 43 and the speed change out-
put shaft 45.

[0256] The output-side third clutch mechanism 80c, in
a state of being placed in the middle chamber 510M, is
supported by the travel output shaft 47.

[0257] The output-side third transmission mechanism
70c, in a state of being placed in the middle chamber
510M, is supported by the speed change output shaft 45
and the travel output shaft 47.

[0258] As shown in FIG. 3, the speed change output
shaft 45 and the travel output shaft 47 each has the rear
end side extending rearward beyond the second bearing
plate 530 and supported by the third bearing plate 540
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in a rotatable manner around the axis line.

[0259] That s, the speed change output shaft 45 and
the travel output shaft 47, in a state of extending over the
middle chamber 510M and the rear chamber 510R, are
supported by the first, second and third bearing plates
520, 530, 540.

[0260] The forward-side clutch mechanism 410F and
the rearward-side clutch mechanism 410R are supported
by a portion of the travel output shaft 47 thatis positioned
in the rear chamber 510R.

[0261] The forward-side transmission mechanism
400F and the rearward-side transmission mechanism
400R are supported by portions of the speed change
output shaft 45 and the travel output shaft 47 that are
positioned in the rear chamber 510R.

[0262] FIG. 17 shows a cross-sectional view along the
line XVII-XVIl in FIG. 3. Further, FIG. 18 shows a trans-
versal-cross-sectional development view of the transmis-
sion structure 1.

[0263] As shown in FIGS. 3, 17 and 18, the planetary
gear mechanism 30 is arranged coaxially with the speed
change intermediate shaft 43 and placed in the front
chamber 510F.

[0264] Specifically, the planetary gear mechanism 30
further has, in addition to the sun gear 32, the planetary
gear 34, the carrier 38 and the internal gear 36, a carrier
pin 35 that supports the planetary gear 34 in a rotatable
manner around the axis line.

[0265] AsshowninFIGS.17 and 18, the speed change
intermediate shaft 43 has the front end portion extending
through the first bearing plate 520 into the front chamber
510F, and the carrier 38 is supported on the speed
change intermediate shaft 43.

[0266] That is, the carrier 38 has a flange portion 38a
that supports the carrier pin 35 and a shaft portion 38b
that is fitted over to the front end portion of the speed
change intermediate shaft 43 in arelatively non-rotatable
manner around the axis line with respect thereto.
[0267] As shown in FIG. 17, the internal gear 36 has
a ring gear portion 36a that meshes with the planetary
gear 34 and a cylinder portion 36b that is fitted over to a
shaft portion of the input-side first driven gear 54a in a
relative non-rotatable manner around the axis line, the
portion of the input-side first driven gear 54a being sup-
ported by the speed change intermediate shaft 43 in a
relatively rotatable manner around the axis line.

[0268] In the present embodiment, as shown in FIG.
18, the HST 10 has the pump shaft 12 and the motor
shaft 16 that are coaxially placed with each other.
[0269] In detail, the HST 10 has the HST pump 14, the
pump shaft 12, the HST motor 18, the motor shaft 16 and
the output adjusting member 20, as well as a center sec-
tion 450 formed with the pair of HST lines 15a, 15b, a
pump case 460 so connected to the center section 450
as to form a pump space that accommodates the HST
pump 14, and a motor case 470 so connected to the
center section 450 as to form a motor space that accom-
modates the HST motor 18.
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[0270] Asshownin FIG. 18, the center section 450 has
a first face 451 that faces the first direction (front of the
vehicle in the illustrated embodiment) and includes a
pump face on which the HST pump 14 is slid, and a sec-
ond face 452 that faces the second direction (rear of the
vehicle in the illustrated embodiment) opposite the first
direction and includes a motor face on which the HST
motor 18 is slid.

[0271] The pump case 460 has a hollow peripheral wall
portion 462 for surrounding the HST pump 14, and an
end wall portion 464 for closing an opening on a distal
end side of the peripheral wall portion 462, and is con-
nected to the center section 450 in a state of an end
surface on a proximal end side of the peripheral wall sec-
tion 462 in contact with the first face 451.

[0272] The pump shaft 12 has a proximal end portion
that is bearing-supported in a bearing hole 455 formed
in the center section 450, and a distal end portion that is,
in a state of extending outward from the end wall portion
464 of the pump case 460, directly or indirectly bearing-
supported by the end wall portion 464.

[0273] In the present embodiment, the distal end por-
tion of the pump shaft 12 that extends outwardly from the
end wall portion 464 supports an HST input gear 215
forming the HST input gear train 214 in a relatively non-
rotatable manner with respect thereto, and a shaft portion
of the HST input gear 215 is supported by the end wall
portion 464 via a bearing member.

[0274] The motor case 470 has a hollow peripheral wall
portion 472 for surrounding the HST motor 18, and an
end wall portion 474 for closing an opening on a distal
end side of the peripheral wall portion 472, and is con-
nected to the center section 450 in a state of an end
surface of the peripheral wall section 472 on a proximal
end side in contact with the second face 452.

[0275] The motor shaft 16 has a proximal end portion
that is bearing-supported in the bearing hole 455, and a
distal end portion that is, in a state of extending outward
from the end wall portion 474 of the motor case 470,
directly or indirectly bearing-supported by the end wall
portion 474.

[0276] In the present embodiment, the distal end por-
tion of the motor shaft 16 that extends outwardly from
the end wall portion 474 supports an HST output first
gear 217a forming the HST output gear train 216 in a
relatively non-rotatable manner with respect thereto, and
a shaft portion of the HST output first gear 217a is sup-
ported by the end wall portion 474 via a bearing member.
[0277] The HST output gear train 216 has the HST
output first gear 217a, an HST output second gear 217b
that meshes with the HST output first gear 217a, and an
HST output shaft 218 that supports the HST output sec-
ond gear 217b in a relatively non-rotatable manner with
respect thereto.

[0278] The HST output shaft 218 has a distal end por-
tion that supports the sun gear 32 in a relatively non-
rotatable manner with respect thereto.

[0279] The motor case 470 is provided with an extend-
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ing portion 476 that extends outward from the peripheral
wall portion 472 or the end wall portion 474 thereby to
support, via a bearing member, the proximal end portion
of the HST output shaft 218 in a rotatable manner around
the axis line.

[0280] In the present embodiment, as shown in FIG.
180, the case body 510 of the transmission case 500 is
provided with a mount opening 511 through which an
HST assembly assembled with the center section 450,
the pump shaft 12, the HST pump 14, the pump case
460, the motor shaft 16, the HST motor 18, the motor
case 470, the HST input gear 215 and the HST output
gear train 216 is inserted.

[0281] Inthe present embodiment, the mount opening
511 is formed in the first case 512 in such a manner as
to open the front chamber 510F to the outside.

[0282] The HST assembly is connected to a mount
plate 550 that is attached to the outer surface of the case
body 510 while closing the mount opening 511.

[0283] That is, the HST assembily is fixed within the
front chamber 510F by mounting the mount plate 550, to
which the HST assembly is connected, on the outer sur-
face of the case body 510.

[0284] As shown in FIG. 18, in the present embodi-
ment, the pump case 460 and the center section 450 are
connected to the mount plate 550.

[0285] That is, the pump case 460 is provided with a
connecting portion 466 that is extended outwardly from
the peripheral wall portion 462 and the end wall portion
464 and is in contact with the mount plate 550. Also, the
center section 450 is configured to have a third face 453
thatis orthogonal to both the first face 451 and the second
face 452 and is in contact with the mount plate 550.
[0286] As shown in FIG. 18, the servo piston 155 is
housed in the connecting portion 466 of the pump case
460. In the present embodiment, the servo switching
valve 162 is housed in an axial hole formed in the servo
piston 155, and the mount plate 550 houses the operating
piston 164 operatively connected to the servo switching
valve 162, and the output adjusting valve 165 that adjusts
the operation oil supplied to the operating piston 164.
[0287] The transmission structure 1 according to the
presentembodimentfurther has a lubricant supply mech-
anism 600 that supplies a lubricant to various component
members.

[0288] The lubricant supply mechanism 600 is so con-
figured as to use an oil from a hydraulic pressure source
different from the hydraulic pressure source (the first hy-
draulic pressure pump 110) for the operation oil line 120
that supplies the operation oil to the HST 10 (and the
hydraulic servo mechanism 152) as well as the input-side
firstand second clutch mechanisms 60a, 60b, the output-
side first, second and third clutch mechanisms 80a, 80b,
80c, and the forward and rearward-side clutch mecha-
nisms 410F, 410R.

[0289] As in the present embodiment, separating the
operation oil line 120 for the HST 10 and the input-side
firstand second clutch mechanisms 60a, 60b, the output-



57 EP 4 123 199 A1 58

side first, second and third clutch mechanisms 80a, 80b,
80c, and the forward and rearward-side clutch mecha-
nisms 410F, 410R from alubricant line 620 can effectively
suppress the hydraulic pressure fluctuation of the oper-
ation oil line 120.

[0290] Indetail, as shownin FIG. 2, the lubricant supply
mechanism 600 has a second hydraulic pump 610 op-
eratively driven by the drive source 210, the lubricant line
620 to which the discharged oil from the second hydraulic
pump 610 is supplied, a transmitting rotational shaft lu-
brication line 630 that has a base end portion fluidly con-
nectedto the lubricantline 620 and that guides a lubricant
toward a transmitting rotational shaft to which the power
is transmitted by the input-side first and second trans-
mission mechanisms 50a, 50b, the output-side first, sec-
ond and third transmission mechanisms 70a, 70b, 70c,
and the forward and rearward-side transmission mech-
anisms 400F, 400R, and also toward the planetary gear
mechanism 30, and an HST lubrication line 660 (see FIG.
4) that has a base end portion fluidly connected to the
lubricant line 620 and that guides the lubricant toward
the HST 10.

[0291] In the present embodiment, the main driving
shaft 212, the speed change intermediate shaft 43, the
speed change output shaft 45 and the travel output shaft
47 are included in the transmitting rotational shaft.
[0292] In this case, as shownin FIGS. 2, 3 and 17, the
lubricant supply mechanism 600 further has a main driv-
ing shaft hole 642 that is formed in the main driving shaft
212 along the axial direction and that receives and relays
an oil from the transmitting rotational shaft lubrication line
630, a speed change intermediate shaft hole 644 that is
formed in the speed change intermediate shaft 43 along
the axial direction and that receives and relays an oil from
the transmitting rotational shaft lubrication line 630, a
speed change output shaft hole 646 that is formed in the
speed change output shaft 45 along the axial direction
and that receives and relays an oil from the transmitting
rotational shaft lubrication line 630, and a travel output
shaft hole 648 that is formed in the travel output shaft 47
along the axial direction and that receives and relays an
oil from the transmitting rotational shaft lubrication line
630.

[0293] At a position corresponding to a predetermined
lubrication site, the main driving shaft hole 642, the speed
change intermediate shaft hole 644, the speed change
output shaft hole 646, and the travel output shaft hole
648 are each open on the outer surface.

[0294] As shown in FIG. 17, in the present embodi-
ment, the speed change intermediate shaft 43 and the
HST output shaft 218 are coaxially placed to be opposite
each other, and the HST output shaft 218 is formed with
an HST output shaft hole 645 that receives and relays a
part of the oil flowing through the speed change interme-
diate shaft hole 644.

[0295] In detail, the speed change intermediate shaft
hole 644 is open on the end face opposite the HST output
shaft 218. The HST output shaft hole 645 is open on the
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end face opposite the speed change intermediate shaft
43 so that the oil from the speed change intermediate
shaft hole 644 can be received and relayed, and, at a
position corresponding to a predetermined lubrication
site, isopened on the outer surface so thatthe oil received
and relayed from the speed change intermediate shaft
hole 644 is guided to the predetermined lubrication site.
[0296] As shown in FIG. 3, FIG. 17, etc., one of the
first and second bearing plates 520, 530 (the second
bearing plate 530 in the present embodiment) is formed
with a transmitting rotational shaft lubricant oil passage
632 forming the transmitting rotational shaft lubrication
line 630, and receiving-relaying portions 642a, 644a,
646a, 648a for the oils from the transmitting rotational
shaft lubricant oil passage 632 to the main driving shaft
hole 642, the speed change intermediate shaft hole 644,
the speed change output shaft hole 646, and the travel
output shaft hole 648, respectively.

[0297] Further, in the present embodiment, the oil re-
ceiving-relaying in the input-side first and second supply-
discharge lines 320a, 320b, the output-side first, second
and third supply-discharge lines 330a, 330b, 330c, and
the forward and rearward-side supply-discharge lines
350F, 350R are performed in one of the bearing plates
(the second bearing plate 530 in the present embodi-
ment).

[0298] In detail, the input-side first supply-discharge
line 320a has an input-side first oil supply-discharge line
(not shown) formed in the one bearing plate (the second
bearing plate 530 in the present embodiment) and an
input-side first axial oil passage 321a (see FIG. 3) formed
in the main driving shaft 212 along the axial direction.
[0299] The input-side first axial oil passage 321a has
a base end side that opens on the outer surface of a
portion of the main driving shaft 212 bearing-supported
by the one bearing plate (the second bearing plate 530
in the present embodiment) so as to be fluidly connected
to the input-side first oil supply-discharge path (not
shown) via an oil receiving-relaying portion 322a, and a
tip side that is open to the oil chamber of the correspond-
ing clutch mechanism 60a.

[0300] The input-side second supply-discharge line
320b has an input-side second supply-discharge oil pas-
sage (not shown) formed in the one bearing plate (the
second bearing plate 530 in the present embodiment),
and an input-side second axial oil passage 321b formed
in the main driving shaft 212 along the axial direction (see
FIG. 3).

[0301] The input-side second axial oil passage 321b
has a base end side that opens on the outer surface of
the portion of the main driving shaft 212 bearing-support-
ed by the one bearing plate (the second bearing plate
530 in the present embodiment) and that is fluidly con-
nected to the input-side second oil supply-discharge pas-
sage via an oil receiving-relaying portion 322b, and a tip
side that is open to the oil chamber of the corresponding
clutch mechanism 60b.

[0302] The output-side first supply-discharge line 330a
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has an output-side first supply-discharge oil passage (not
shown) formed in the one bearing plate (the second bear-
ing plate 530 in the present embodiment), and an output-
side first axial oil passage 331a (see FIG. 3) formed in
the speed change output shaft 45 along the axial direc-
tion.

[0303] The output-side first axial oil passage 331a has
a base end side that opens on of the outer surface of a
portion of the speed change output shaft 45 bearing-sup-
ported by the one bearing plate (the second bearing plate
530 in the present embodiment) so as to be fluidly con-
nected to the output-side first oil supply-discharge pas-
sage via the oil receiving-relaying portion 322a, and a tip
side that is open to the oil chamber of the corresponding
o clutch mechanism 80a.

[0304] The output-side second supply-discharge line
330b has an output-side second supply-discharge oil
passage (not shown) formed in the one bearing plate (the
second bearing plate 530 in the present embodiment),
and an output-side second axial oil passage 331b (see
FIG. 3)formed in the speed change output shaft 45 along
the axial direction.

[0305] The output-side second axial oil path 331b has
a base end side that opens on the outer surface of a
portion of the speed change output shaft 45 bearing-sup-
ported by the one bearing plate (the second bearing plate
530 in the present embodiment) so as to be fluidly con-
nected to the output-side second oil supply-discharge
passage via an oil receiving-relaying portion 322b, and
a tip side that is open to the oil chamber of the corre-
sponding clutch mechanism 80b.

[0306] The forward-side supply-discharge line 350F
has a forward-side supply-discharge oil passage (not
shown) formed in the one bearing plate (the second bear-
ing plate 530 in the present embodiment), and a forward-
side axial oil path 351F (see FIG. 3) formed in the travel
output shaft 47 along the axial direction.

[0307] The forward-side axial oil passage 351F has a
base end side thatopens on the outer surface of a portion
of the travel output shaft 47 bearing-supported by the
one bearing plate (the second bearing plate 530 in the
present embodiment) so as to be fluidly connected to the
forward-side supply-discharge oil passage via an oil re-
ceiving-relaying portion 352F, and a tip side that is open
to the oil chamber of the corresponding clutch mecha-
nism 410F.

[0308] The rearward-side supply-discharge line 350R
has a rearward-side supply-discharge oil path (not
shown) formed in the one bearing plate (the second bear-
ing plate 530 in the present embodiment), and a rear-
ward-side axial oil path 351R (see FIG. 3) formed in the
travel output shaft 47 along the axial direction.

[0309] The rearward-side axial oil path 351R has a
base end side thatopens on the outer surface of a portion
of the travel output shaft 47 bearing-supported by the
one bearing plate (the second bearing plate 530 in the
present embodiment) so as to be fluidly connected to the
rearward-side supply-discharge oil passage via an oil re-
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ceiving-relaying portion 352R, and a tip side that is open
to the oil chamber of the corresponding clutch mecha-
nism 410R.

[0310] The output-side third supply-discharge line
330c has an output-side third supply-discharge oil pas-
sage (not shown) formed in the one bearing plate (the
second bearing plate 530 in the present embodiment),
and an output-side third axial oil passage 331c (see FIG.
3) formed in the travel output shaft 47 along the axial
direction.

[0311] The output-side third axial oil passage 331c has
a base end side that opens on the outer surface of a
portion of the travel output shaft 47 bearing-supported
by the one bearing plate (the second bearing plate 530
in the present embodiment) so as to be fluidly connected
to the output-side third oil supply-discharge passage via
an oil receiving-relaying portion 332c, and a tip side that
is open to the oil chamber of the corresponding clutch
mechanism 80c.

[0312] FIG. 19 shows a cross-sectional view along the
line XIX-XIX in FIG. 18. As shown in FIGS. 18 and 19,
the HST lubrication line 660 has an HST lubricant pas-
sage 662 that is formed in the mount plate 550 and the
center section 450 so as to have one end opening on the
outer surface of the mount plate 550 thereby to form the
HST lubrication port IN2. To the HST lubrication port IN2,
an end of the lubricant line 620 shown in FIG. 2 is fluidly
connected.

[0313] AsshowninFIG. 18, the base end portions (op-
posite end portions) of the pump shaft 12 and the motor
shaft 16 are supported by the bearing hole 455 with a
gap present between each other, and the HST lubricant
passage 662 is so formed as to guide a part of the oil
into the gap.

[0314] the HST lubrication line 660 further has a pump
shaft hole 663 and a motor shaft hole 664 that are formed
in the pump shaft 12 and the motor shaft 16, respectively,
along the axial direction in a manner to guide, to a pre-
determined lubrication area, the oil in the gap, and an oil
passage 665 formed in the center section 450, the pump
case 460 and the motor case 470 in a manner to guide,
to a predetermined lubrication site, a portion of the ail in
the HST lubricant passage 662.

[0315] The lubricant supply mechanism 600 has a lu-
bricant pressure setting relief valve 625 that sets the hy-
draulic pressure of the lubricant line 620. In the present
embodiment, the lubricant pressure setting relief valve
625 is mounted on the mount plate 550 so as to act on
the HST lubricant passage 662.

1 transmission structure

10 HST

30 planetary gear mechanism

45 speed change output shaft

47 travel output shaft

50a, 50b input-side first and second transmission
mechanisms

60a, 60b input-side first and second clutch mech-
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anisms

70a-70c output-side first to third transmission
mechanisms

80a-80c output-side first to third clutch mecha-
nisms

90 speed-change operating member

100 control device

152 hydraulic servo mechanism (HST speed
change actuator)

210 drive source

212 main drive shaft

325a, 325b input-side first and second solenoid
valves

335a-335¢ output-side first to third solenoid valves

355F, 355R  forward-side and rearward-side solenoid
valves

400F, 400R  forward-side and rearward-side trans-
mission mechanisms

410F, 41R forward-side and rearward-side clutch
mechanisms

Claims

1. A transmission structure (1) continuously changing
a rotational speed of a rotational power that is oper-
atively transmitted from a drive source (210) and out-
putting a rotational power whose rotational speed
has been changed toward a driving wheel (220), the
transmission structure (1) comprising:

an HST (10) that continuously changes the ro-
tational speed of the rotational power operative-
ly transmitted from the drive source (210) to a
rotational speed including a range of at least be-
tween a first HST speed and a second HST
speed in accordance with an operating position
of an output adjusting member (20) and that out-
puts a rotational power whose rotational speed
has been changed;

an HST speed change actuator (150) that actu-
ates the output adjusting member (20);

a planetary gear mechanism (30) that includes
first to third elements (36, 38, 32) and that is
configured so that the third element (32) acts as
an input portion inputting the rotational power
that the HST (10) outputs;

an input-side first transmission mechanism
(50a) capable of operatively transmitting the ro-
tational power, which operatively receives from
the drive source (210), to the first element (36)
at an input-side first speed change ratio;

an input-side second transmission mechanism
(50b) capable of operatively transmitting the ro-
tational power, which operatively receives from
the drive source (210), to the second element
(38) atan input-side second speed change ratio;
an input-side clutch mechanism pair including
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input-side first and second clutch mechanisms
(60a,60b) of a frictional plate type that engage
and disengage the power transmissions of the
input-side first and second transmission mech-
anisms (50a,50b), respectively;

a speed change output shaft (45);

an output-side first transmission mechanism
(70a) capable of operatively transmitting the ro-
tational power, which operatively receives from
the second element (38), to the speed change
output shaft (45) at an output-side first speed
change ratio;

an output-side second transmission mechanism
(70b) capable of operatively transmitting the ro-
tational power, which operatively receives from
the first element (36), to the speed change out-
put shaft (45) at an output-side second speed
change ratio;

an output-side clutch mechanism pair including
output-side first and second clutch mechanisms
(80a,80b) thatengage and disengage the power
transmissions of the output-side firstand second
transmission mechanisms (70a,70b), respec-
tively;

a speed-change operating member (90) capa-
ble of being operated within an area including a
vehicle speed zero position, a first speed stage
area and a second speed stage area that is ar-
ranged on a higher speed side than the first
speed stage;

a control device (100) performing controls of the
HST speed change actuator (150), the input-
side clutch mechanisms (60a,60b) and the out-
put-side clutch mechanisms (80a,80b),

the transmission structure (1) being character-
ized in that,

when the speed-change operating member (90)
is positioned in an area including the vehicle
speed zero position and the first speed stage
area, the control device (100) causes the input-
side first and second input-side clutch mecha-
nisms (60a,60b) to be brought into the engage-
ment state and the disengagement state, re-
spectively, thereby to realize a first HMT trans-
mitting state in which the first element (36) acts
as areference power input portion, which inputs
a reference power from the drive source (210),
and the second element (38) acts as a combined
power output portion, which outputs, toward the
speed change output shaft (45), a combined ro-
tational power, and then causes the output-side
first and second clutch mechanisms (80a,80b)
to be brought into the engagement state and the
disengagement state, respectively, thereby to
operatively transmit the rotational power of the
second element to the speed change output
shaft (45),

when the speed-change operating member (90)
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is positioned in the second speed stage area,
the control device (100) causes the input-side
first and second clutch mechanisms (60a,60b)
to be brought into the disengagement state and
the engagement state, respectively, thereby to
realize a second HMT transmitting state in which
the second element (38) acts as the reference
power input portion and the first element (36)
acts as the combined power output portion, and
then causing the output-side first and second
clutch mechanisms (80a,80b) to be brought into
the disengagement state and the engagement
state, respectively, thereby to operatively trans-
mit the rotational power of the first element to
the speed change output shaft (45),

the planetary gear mechanism (30) is so config-
ured that the rotational speed of the rotational
power output from the second element (38) is
zero when the rotational speed of the HST out-
put is set to the first HST speed in the first HMT
transmitting state,

the input-side first and second speed change
ratios are so set that the rotational speed of the
second element (38) at the time when the HST
output is set to the second HST speed in the first
HMT transmitting state is same as that of the
second element (38) driven by the rotational
power that is operatively transmitted via the in-
put-side second transmission mechanism (50b)
in the second HMT transmitting state, and the
rotational speed of the first element (36) at the
time when the HST output is set to the second
HST speed in the second HMT transmitting state
is same as that of the first element (36) driven
by the rotational power that is operatively trans-
mitted via the input-side first transmission mech-
anism (50a) in the first HMT transmitting state,
the control device (100) operates the HST speed
change actuator (150) so that the HST output
has the first HST speed according to the oper-
ation of the speed-change operating member
(90) to the vehicle speed zero position, and the
HST output is accelerated according to the ac-
celerating operation of the speed-change oper-
ating member (90) from the vehicle speed zero
position, and

when the speed-change operating member (90)
is shifted up from the first speed stage area to
the second speed stage area, the control device
(100) causes, atafirst/second speed stage shift-
up start time point when the drive rotational pow-
er has reached a predetermined first/second
speed stage shift-up start speed, the second
clutch mechanism of one clutch mechanism pair
out of the input-side clutch mechanism pair and
the output-side clutch mechanism pair to be in-
stantly shifted from the disengagement state to
the engagement, and causes, at a first/second
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speed stage shift-up end time point after an
elapse of a predetermined time from the
first/second speed stage shift-up start time
point, the first clutch mechanism of the one
clutch mechanism pair to be instantly shifted
from the engagement state to the disengage-
ment state, thereby to realize a shift-up double
transmitting state in which both of the first and
second clutch mechanisms in the one clutch
mechanism pair are engaged during the period
from the first/second speed stage shift-up start
time point until the first/second speed stage
shift-up end time point, and also causes, in the
shift-up double transmitting state, the first clutch
mechanism of the other one clutch pair out of
the input-side clutch mechanism pair and the
output-side clutch mechanism pair to be gradu-
ally shifted from the engagement state to the
disengagement state while having the frictional
plate being frictionally slid, and causes the sec-
ond clutch mechanism of the other one clutch
mechanism pair to be gradually shifted from the
disengagement state to the engagement state
while having the friction plate being frictionally
slid, thereby to switch from the engagement
state of the first clutch mechanism to the en-
gagement state of the second clutch mechanism
in the other one clutch mechanism pair.

The transmission structure (1) according to claim 1,
wherein the first/second speed stage shift-up start
speed is set to a speed of the drive rotational power
that is realized on the speed change output shaft
(45) via the output-side first transmission mecha-
nism (70a) when the rotational speed of the HST
output is set to the second HST speed in the first
HMT transmitting state.

The transmission structure (1) according to claim 1
or 2, wherein

the input-side first and second clutch mecha-
nisms (60a,60b) and the output-side first and
second clutch mechanisms (80a,80b) each is of
a hydraulic type in which the engagement state
and the disengagement state are switched in
response to supply and discharge of operation
oil,

the transmission structure (1) is provided with
an input-side solenoid valve pair including input-
side first and second solenoid valves (325a,
325b) that switch supply and discharge of the
operation oil to and from the input-side first and
second clutch mechanisms (60a,60b), respec-
tively, in response to the control by the control
device (100) and an output-side solenoid valve
pair including output-side first and second sole-
noid valves (335a,335b) that switch supply and
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discharge of the operation oil to and from the
output-side first and second clutch mechanisms
(80a,80b), respectively, in response to the con-
trol by the control device (100),

the solenoid valves of one of the input-side so-
lenoid valve pair and the output-side solenoid
valve pair are solenoid proportional valves ca-
pable of gradually increasing and decreasing
hydraulic pressures of the corresponding clutch
mechanisms, and

the solenoid valves of the other one of the input-
side solenoid valve pair and the output-side so-
lenoid valve pair are solenoid switching valves
that instantly increase and decrease hydraulic
pressures of the corresponding clutch mecha-
nisms.

The transmission structure (1) according to any one
of claims 1 to 3, wherein the output-side first and
second speed change ratios are so set that the ro-
tational speed that is realized on the speed change
output shaft (45) when the HST output is set to the
second HST speed in the first HMT transmitting state
is substantially same as the rotational speed that is
realized on the speed change output shaft (45) when
the HST output is set to the second HST speed in
the second HMT transmitting state.

The transmission structure (1) according to any one
of claims 1 to 4, wherein the control device (100)
starts, before the first/second speed stage shift-up
start time point, the shifting movement of the first
clutch mechanism of the other one clutch pair from
the engagement state to the disengagement state
while the frictional plate being frictionally slid and the
shifting movement of the second clutch mechanism
of the other one clutch mechanism pair from the dis-
engagement state to the engagement state while the
friction plate being frictionally slid, and completes the
shifting movements after the first/second speed
stage shift-up end time point.

The transmission structure (1) according to any one
of claims 1 to 4, wherein,

when the speed-change operating member (90)
is shifted down from the second speed stage
area to the first speed stage area, the control
device (100) causes, at a second/first speed
stage shift-down start time point when the drive
rotational power reaches a predetermined sec-
ond/first speed stage shift-down start speed, the
first clutch mechanism of one clutch mechanism
pair out of the input-side clutch mechanism pair
and the output-side clutch mechanism pair to be
instantly shifted from the disengagement state
to the engagement state, and causes, at a sec-
ond/first speed stage shift-down end time point
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after an elapse of a predetermined time from the
second/first speed stage shift-down start time
point, the second clutch mechanism of the one
clutch mechanism pair to be instantly shifted
from the engagement state to the disengage-
ment state, thereby to realize a shift-down dou-
ble transmitting state in which both of the first
and second clutch mechanisms in the one clutch
mechanism pair are engaged during the period
from the second/first speed stage shift-down
starttime point until the second/first speed stage
shift-down end time point, and

the control device (100) causes, in the shift-
down double transmitting state, the first clutch
mechanism of the other one clutch pair out of
the input-side clutch mechanism pair and the
output-side clutch mechanism pair to be gradu-
ally shifted from the disengagement state to the
engagement state while having the frictional
plate being frictionally slid, and causes the sec-
ond clutch mechanism of the other one clutch
mechanism pair to be gradually shifted from the
engagement state to the disengagement state
while having the friction plate being frictionally
slid, thereby to switch from the engagement
state of the second clutch mechanism to the en-
gagement state of the first clutch mechanism in
the other one clutch mechanism pair.

The transmission structure (1) according to claim 6,
wherein the second/first speed stage shift-down start
speedis setto the speed of the drive rotational power
that is realized on the speed change output shaft
(45) when the HST output is set to the second HST
speed in the second HMT transmitting state.

The transmission structure (1) according to claim 6
or 7, wherein the control device (100) starts, before
the second/first speed stage shift-down start time
point, the shifting movement of the second clutch
mechanism of the other one clutch pair from the en-
gagement state to the disengagement state while
the frictional plate being frictionally slid and the shift-
ing movement of the first clutch mechanism of the
other one clutch mechanism pair from the disen-
gagement state to the engagement state while the
friction plate being frictionally slid, and completes the
shifting movements after the second/first speed
stage shift-down end time point.

The transmission structure (1) according to any one
of claims 6 to 8, wherein the rotational speed of the
rotational power that defines the second/first speed
stage shift-down start time point is substantially
same as the rotational speed of the rotational power
that defines the first/second speed stage shift-up
start time point.
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10. The transmission structure (1) according to any one
of claims 1 to 9 further comprising:

operating member (90) to the rearward side.

11. The transmission structure (1) according to claim 10,
wherein

a travel output shaft (47) that outputs the drive

rotational power toward the driving wheel (220); 5
a forward-side transmission mechanism (400F) the forward-side and rearward-side clutch
and a rearward-side transmission mechanism mechanisms (410F,410R) each is of a hydraulic
(400R) that operatively transmit the rotational type in which the engagement state and the dis-
power of the speed change output shaft (45) to engagement state are switched in response to
the travel output shaft (47) as a forward drive 170 supply and discharge of operation oil, and
rotational power and a rearward drive rotational the transmission structure (1) is provided with a
power, respectively, and forward-rearward switch solenoid valve pair in-
a friction plate type forward-side clutch mecha- cluding forward-side and rearward-side sole-
nism (410F) and a friction plate type rearward- noid valves (355F,355R) that switch supply and
side clutch mechanism (410R) that engage and 75 discharge of the operation oil to and from the
disengage the power transmissions of the for- forward-side and rearward-side clutch mecha-
ward-side transmission mechanism (400F) and nisms (410F,410R), respectively, in response to
rearward-side transmission mechanism (400R), the control by the control device (100).
respectively, wherein
the HST (10) is capable of outputting the rota- 20 12. The transmission structure (1) according to claim 10
tional power in both forward and reverse direc- or 11, further comprising:
tions so thatthe HST output having the first HST
speed is the rotational power in one of the for- an output-side third transmission mechanism
ward and rearward directions and the HST out- (70c) capable of operatively transmitting, as a
put having the second HST speed is the rota- 25 forward drive rotational power, the rotational
tional power in the other one of the forward and power of the first element to the travel output
rearward directions, shaft (47), the output-side third transmission
the planetary gear mechanism (30) is so config- mechanism (70c) having a speed change ratio
ured that the rotational speed of the combined set so that the rotational speed of the travel out-
rotational power output from the second element 30 put shaft (47) that is realized when the rotational
(38) is increased as the rotational speed of the power of the first element (36) is operatively
HST outputis changed from the first HST speed transmitted to the travel output shaft (47) via the
side to the second HST speed side in the first output-side third transmission mechanism (70c)
HMT transmitting state, and the rotational speed is higher than that of the travel output shaft (47)
of the combined rotational power output from 35 that is realized when the rotational power of the
the first element (36) is increased as the rota- first element (36) is operatively transmitted to
tional speed of the HST output is changed from the travel output shaft (47) via the output-side
the second HST speed side to the first HST second transmission mechanism (70b) and the
speed side in the second HMT transmitting forward-side transmission mechanism (400F),
state, 40 and
the first speed stage area includes a forward- an output-side third clutch mechanism (80c) that
side first speed stage area and a rearward-side engages and disengages the power transmis-
first speed stage area, the second speed stage sion of the output-side third transmission mech-
area includes a forward-side second speed anism (70c), wherein
stage area higher than the forward-side first 45 the speed-change operating member (90) is al-
speed stage area and a rearward-side second so operable in a forward-side third speed stage
speed stage area higher than the rearward-side area higher than the forward-side second speed
first speed stage area, and stage area,
the control device (100) causes the forward-side when the speed-change operating member (90)
clutch mechanism (410F) and the rearward-side 50 is positioned in the forward-side third speed
clutch mechanism (410R) to be engaged and stage area, the control device (100) brings the
disengaged, respectively, in response to the op- output-side first and second clutch mechanisms
eration of the speed-change operating member (80a,80b)into the disengagement state and also
(90) to the forward side, and causes the forward- brings the output-side third clutch mechanism
55

side clutch mechanism (410F) and the rear-
ward-side clutch mechanism (410R) to be dis-
engaged and engaged, respectively, in re-
sponse to the operation of the speed-change

35

(80c) into the engagement state with realizing
the second HMT transmitting state, and then al-
so operates the HST speed change actuator
(150) such that the rotational speed of the drive
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rotational power becomes the rotational speed
that corresponds to the operating position of the
speed-change operating member (90),

when the speed-change operating member (90)
is shifted up from the forward-side second speed
stage area to the forward-side third speed stage
area, the control device (100) causes, at a sec-
ond/third speed stage shift-up start time point
when the drive rotational power has reached a
predetermined second/third speed stage shift-
up start speed, the output-side second clutch
mechanism (80b) and the forward-side clutch
mechanism (410F) to be instantly shifted from
the engagement state to the disengagement
state, and causes, at a second/third speed stage
shift-up end time point after an elapse of a pre-
determined time from the second/third speed
stage shift-up start time point, the output-side
third clutch mechanism (80c) to be shifted from
the disengagement state to the engagement
state, thereby to realize a shift-up free-running
state in which the power transmission to the trav-
el output shaft (47) is cut off during the period
from the second/third speed stage shift-up start
time point to the second/third speed stage shift-
up end time point, and

the control device (100) changes, during the
shift-up free-running state, the rotational speed
of the HST output via the HST speed change
actuator (150) so that the rotational speed of the
travel output shaft (47) that is driven, at the sec-
ond/third speed stage shift-up end time point,
by the rotational power operatively transmitted
via the output-side third transmission mecha-
nism (70c) matches or approaches the rotational
speed of the travel output shaft (47) that is driv-
en, at the second/third speed stage shift-up start
time point, by the rotational power operatively
transmitted via the output-side second transmis-
sion mechanism (70b) and the forward-side
transmission mechanism (400F).

13. The transmission structure (1) according to claim 10,
further comprising:

an output-side third transmission mechanism
(70c) capable of operatively transmitting, as a
forward drive rotational power, the rotational
power of the first element to the travel output
shaft (47), the output-side third transmission
mechanism (70c) having a speed change ratio
set so that the rotational speed of the travel out-
put shaft (47) that is realized when the rotational
power of the first element (36) is operatively
transmitted to the travel output shaft (47) via the
output-side third transmission mechanism (70c)
is higher than that of the travel output shaft (47)
that is realized when the rotational power of the
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first element (36) is operatively transmitted to
the travel output shaft (47) via the output-side
second transmission mechanism (70b) and the
forward-side transmission mechanism (400F),
and

an output-side third clutch mechanism (80c) that
engages and disengages the power transmis-
sion of the output-side third transmission mech-
anism (70c), wherein

the speed-change operating member (90) is al-
so operable in a forward-side third speed stage
area higher than the forward-side second speed
stage area,

when the speed-change operating member (90)
is positioned in the forward-side third speed
stage area, the control device (100) brings the
output-side first and second clutch mechanisms
(80a,80b)into the disengagement state and also
brings the output-side third clutch mechanism
(80c) into the engagement state with realizing
the second HMT transmitting state, and then al-
so operates the HST speed change actuator
(150) such that the rotational speed of the drive
rotational power becomes the rotational speed
that corresponds to the operating position of the
speed-change operating member (90),

when the speed-change operating member (90)
is shifted up fromthe forward-side second speed
stage area to the forward-side third speed stage
area, the control device (100) causes one of the
output-side second clutch mechanism (80b) and
the forward-side clutch mechanism (410F) to be
gradually shifted from the engagement state to
the disengagement state while having the fric-
tion plates frictionally slid, causes, after an
elapse of a predetermined time from the time
point when the one of the output-side second
clutch mechanism (80b) and the forward-side
clutch mechanism is shifted to the disengage-
ment state, the other one of the output-side sec-
ond clutch mechanism (80b) and the forward-
side clutch mechanism (410F) to be shifted from
the engagement state to the disengagement
state, and causes, after an elapse of a prede-
termined time from the time point when the other
one of the output-side second clutch mechanism
(80b) and the forward-side clutch mechanism
(410F) is shifted to the disengagement state, the
output-side third clutch mechanism (80c) to be
shifted from the disengagement state to the en-
gagement state, thereby to realize a shift-up
free-running state in which the power transmis-
sion tothe travel output shaft (47)is cut off during
the period from the time point when the one of
the output-side second clutch mechanism (80b)
and the forward-side clutch mechanism is shift-
ed to the disengagement state until the time
point when the output-side third clutch mecha-
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nism (80c) is shifted to the engagement state,
and

the control device (100) changes, during the
shift-up free-running state, the rotational speed
of the HST output via the HST speed change
actuator (150) so that the rotational speed of the
travel output shaft (47) that is driven, at the time
point when the output-side third clutch mecha-
nism (80c) is shifted to the engagement state,
by the rotational power operatively transmitted
via the output-side third transmission mecha-
nism (70c) matches or approaches the actual
rotational speed realized on the travel output
shaft (47) just before the output-side third clutch
mechanism (80c) is shifted to the engagement
state.

14. The transmission structure (1) according to claim 10,
further comprising:

an output-side third transmission mechanism
(70c) capable of operatively transmitting, as a
forward drive rotational power, the rotational
power of the first element to the travel output
shaft (47), the output-side third transmission
mechanism (70c) having a speed change ratio
set so that the rotational speed of the travel out-
put shaft (47) that is realized when the rotational
power of the first element (36) is operatively
transmitted to the travel output shaft (47) via the
output-side third transmission mechanism (70c)
is higher than that of the travel output shaft (47)
that is realized when the rotational power of the
first element (36) is operatively transmitted to
the travel output shaft (47) via the output-side
second transmission mechanism (70b) and the
forward-side transmission mechanism (400F),
and

an output-side third clutch mechanism (80c) that
engages and disengages the power transmis-
sion of the output-side third transmission mech-
anism (70c), wherein

the speed-change operating member (90) is al-
so operable in a forward-side third speed stage
area higher than the forward-side second speed
stage area,

when the speed-change operating member (90)
is positioned in the forward-side third speed
stage area, the control device (100) brings the
output-side first and second clutch mechanisms
(80a,80b)into the disengagement state and also
brings the output-side third clutch mechanism
(80c) into the engagement state with realizing
the second HMT transmitting state, and then al-
so operates the HST speed change actuator
(150) such that the rotational speed of the drive
rotational power becomes the rotational speed
that corresponds to the operating position of the
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speed-change operating member (90),

when the speed-change operating member (90)
is shifted up fromthe forward-side second speed
stage area to the forward-side third speed stage
area, the control device (100) causes the output-
side second clutch mechanism (80b) to be grad-
ually shifted from the engagement state to the
disengagement state while having the friction
plates frictionally slid and causes the output-side
third clutch mechanism (80c) to be gradually
shifted from the disengagement state to the en-
gagement state while having the friction plates
frictionally slid, and also causes the forward-side
clutch mechanism (410F) to be shifted from the
engagement to the disengagement before the
output-side third clutch mechanism (80c) is shift-
ed to the engagement state, thereby to realize
a shift-up free-running state in which the power
transmission to the travel output shaft (47)is cut
off during the period from the time point when
the forward-side clutch mechanism (410F) is
shifted to the disengagement state until the time
point when the output-side third clutch mecha-
nism (80c) is shifted to the engagement state,
and

the control device (100) changes, during the
shift-up free-running state, the rotational speed
of the HST output via the HST speed change
actuator (150) so that the rotational speed of the
travel output shaft (47) thatis driven, at the time
point when the output-side third clutch mecha-
nism (80c) is shifted to the engagement state,
by the rotational power operatively transmitted
via the output-side third transmission mecha-
nism (70c) matches or approaches the actual
rotational speed realized on the travel output
shaft (47) just before the output-side third clutch
mechanism (80c) is shifted to the engagement
state.

15. The transmission structure (1) according to claim 12,
wherein

the output-side third clutch mechanism (80c) is
of a hydraulic type in which the engagement
state and the disengagement state are switched
inresponse to supply and discharge of operation
oil, and

the transmission structure (1) is provided with
an output-side third solenoid valve (335c) that
switches supply and discharge of the operation
oil to and from the output-side third clutch mech-
anism (80c), in response to the control by the
control device (100).

16. The transmission structure (1) according to claim 12
or 13, wherein



17.

18.

73 EP 4 123 199 A1

when the speed-change operating member (90)
is shifted down from the forward-side third speed
stage area to the forward-side second speed
stage area, the control device (100) causes, at
athird/second speed stage shift-down start time
point when the drive rotational power has
reached a predetermined third/second speed
stage shift-down start speed, the output-side
third clutch mechanism (80c) to be shifted from
the engagement state to the disengagement
state, and causes, at a third/second speed stage
shift-up end time point after an elapse of a pre-
determined time from the third/second speed
stage shift-up start time point, the output-side
second clutch mechanism (80b) and the for-
ward-side clutch mechanism (410F) to be shift-
ed from the disengagement state to the engage-
ment state, thereby to realize a shift-down free-
running state in which the power transmission
to the travel output shaft (47) is cut off during
the period from the third/second speed stage
shift-down start time point until the third/second
speed stage shift-down end time point, and
the control device (100) changes, during the
shift-down free-running state, the rotational
speed of the HST output via the HST speed
change actuator (150) so that the rotational
speed of the travel output shaft (47) that is driv-
en, at the third/second speed stage shift-down
end time point, by the rotational power opera-
tively transmitted via the output-side second
transmission mechanism (70b) and the forward-
side transmission mechanism (400F) matches
or approaches the rotational speed of the travel
output shaft (47) that is driven, at the third/sec-
ond speed stage shift-down start time point, by
the rotational power operatively transmitted via
the output-side third transmission mechanism
(70c).

The transmission structure (1) according to claim 16,
wherein the third/second speed stage shift-down
start speed is substantially same as the second/third
speed stage shift-up start speed.

The transmission structure (1) according to claim 10,
further comprising:

an output-side third transmission mechanism
(70c) capable of operatively transmitting, as a
forward drive rotational power, the rotational
power of the first element to the travel output
shaft (47), the output-side third transmission
mechanism (70c) having a speed change ratio
set so that the rotational speed of the travel out-
put shaft (47) that is realized when the rotational
power of the first element (36) is operatively
transmitted to the travel output shaft (47) via the
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output-side third transmission mechanism (70c)
is higher than that of the travel output shaft (47)
that is realized when the rotational power of the
first element (36) is operatively transmitted to
the travel output shaft (47) via the output-side
second transmission mechanism (70b) and the
forward-side transmission mechanism (400F),
and

an output-side third clutch mechanism (80c) that
engages and disengages the power transmis-
sion of the output-side third transmission mech-
anism (70c), wherein

the speed-change operating member (90) is al-
so operable in a forward-side third speed stage
area higher than the forward-side second speed
stage area,

when the speed-change operating member (90)
is positioned in the forward-side third speed
stage area, the control device (100) brings the
output-side first and second clutch mechanisms
(80a,80b)into the disengagement state and also
brings the output-side third clutch mechanism
(80c) into the engagement state with realizing
the second HMT transmitting state, and then al-
so operates the HST speed change actuator
(150) such that the rotational speed of the drive
rotational power becomes the rotational speed
that corresponds to the operating position of the
speed-change operating member (90),

when the speed-change operating member (90)
is shifted down from the forward-side third speed
stage area to the forward-side second speed
stage area, the control device (100) performs
the shifting movement of the output-side third
clutch mechanism (80c) from the engagement
state to the disengagement state, the shifting
movement of the forward-side clutch mecha-
nism (410F) from the disengagement state to
the engagement state and the shifting move-
ment of the output-side second clutch mecha-
nism (80b) from the disengagement state to the
engagement state in this order, thereby to real-
ize a shift-down free-running state in which the
power transmission to the travel output shaft
(47) is cut off during the period from the time
point when the output-side third clutch mecha-
nism (80c) is shifted to the disengagement state
until the time point when the output-side second
clutch mechanism (80b) is shifted to the engage-
ment state, and

the control device (100) changes, during the
shift-down free-running state, the rotational
speed of the HST output via the HST speed
change actuator (150) so that the rotational
speed of the travel output shaft (47) that is driv-
en, at the time point when the output-side sec-
ond clutch mechanism (80b) is shifted to the en-
gagement state, by the rotational power opera-
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tively transmitted via the output-side second
transmission mechanism (70b) and the forward-
side transmission mechanism (400F) matches
or approaches the actual rotational speed that
is realized on the travel output shaft (47) just
before the output-side second clutch mecha-
nism (80b) is shifted to the engagement state.

19. The transmission structure (1) according to claim 10,
further comprising:

an output-side third transmission mechanism
(70c) capable of operatively transmitting, as a
forward drive rotational power, the rotational
power of the first element to the travel output
shaft (47), the output-side third transmission
mechanism (70c) having a speed change ratio
set so that the rotational speed of the travel out-
put shaft (47) that is realized when the rotational
power of the first element (36) is operatively
transmitted to the travel output shaft (47) via the
output-side third transmission mechanism (70c)
is higher than that of the travel output shaft (47)
that is realized when the rotational power of the
first element (36) is operatively transmitted to
the travel output shaft (47) via the output-side
second transmission mechanism (70b) and the
forward-side transmission mechanism (400F),
and

an output-side third clutch mechanism (80c) that
engages and disengages the power transmis-
sion of the output-side third transmission mech-
anism (70c), wherein

the speed-change operating member (90) is al-
so operable in a forward-side third speed stage
area higher than the forward-side second speed
stage area,

when the speed-change operating member (90)
is positioned in the forward-side third speed
stage area, the control device (100) brings the
output-side first and second clutch mechanisms
(80a,80b)into the disengagement state and also
brings the output-side third clutch mechanism
(80c) into the engagement state with realizing
the second HMT transmitting state, and then al-
so operates the HST speed change actuator
(150) such that the rotational speed of the drive
rotational power becomes the rotational speed
that corresponds to the operating position of the
speed-change operating member (90),

when the speed-change operating member (90)
is shifted down from the forward-side third speed
stage area to the forward-side second speed
stage area, the control device (100) performs
the shifting movement of the output-side third
clutch mechanism (80c) from the engagement
state to the disengagement state, the shifting
movement of the output-side second clutch
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mechanism (80b) from the disengagement state
to the engagement state and the shifting move-
ment of the forward-side clutch mechanism
(410F) from the disengagement state to the en-
gagement state and in this order, thereby to re-
alize a shift-down free-running state in which the
power transmission to the travel output shaft
(47) is cut off during the period from the time
point when the output-side third clutch mecha-
nism (80c) is shifted to the disengagement state
until the time point when tthe forward-side clutch
mechanism (410F) is shifted to the engagement
state,

the control device (100) changes, during a pe-
riod between the time point when the output-side
third clutch mechanism (80c) is shifted from the
engagement state to the disengagement state
and the time point when the output-side second
clutch mechanism (80b) is shifted from the dis-
engagement state to the engagement state, the
rotational speed of the HST output via the HST
speed change actuator (150) so that the rota-
tional speed of the speed change output shaft
(45) that is driven, at the time point when the
output-side second clutch mechanism (80b) is
shifted from the disengagement state to the en-
gagement state, by the rotational power opera-
tively transmitted via the output-side second
transmission mechanism (70b) matches or ap-
proaches the actual rotational speed that is re-
alized on the speed change output shaft (45)
just before the output-side second clutch mech-
anism (80b) is shifted to the engagement state,
and

the control device (100) changes, during a pe-
riod between the time point when the output-side
second clutch mechanism (80b) is shifted to the
engagement state and the time point when the
forward-side clutch mechanism (410F) s shifted
to the engagement state, the rotational speed
of the HST output via the HST speed change
actuator (150) so that the rotational speed of the
travel output shaft (47) thatis driven via the out-
put-side second transmission mechanism (70b)
and the forward-side transmission mechanism
(400F) at the time point when the forward-side
clutch mechanism (410F) is shifted from the dis-
engagement state to the engagement state
matches or approaches the actual rotational
speed realized on the travel output shaft (47)
just before the forward-side clutch mechanism
(410F) is shifted to the engagement state.

20. Thetransmission structure (1) accordingto claim 18,
wherein the shifting movement of the output-side
second clutch mechanism (80b) from the disengage-
ment state to the engagement state in the shift-down
operation from the forward-side third speed stage to
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the forward-side second speed stage is gradually
performed.

The transmission structure (1) according to claim 13,
wherein

during a start period from the speed stage shift-
up start time point when starting the shifting
movement from the forward-side second speed
stage to the forward-side third speed stage until
a time point after an elapse of a predetermined
time from the speed stage shift-up start time
point, the control device (100) sets, as a target
rotational speed of the HST output, a rotational
speed that is increased to an opposite side of a
third-speed-stage-side  second/third speed
stage switch speed from the actual rotational
speed of the HST output at the shift-up start time
point when one of the output-side second clutch
mechanism (80b) and the forward-side clutch
mechanism (410F) is shifted to the disengage-
ment state, the third-speed-stage-side sec-
ond/third speed stage switch speed being set to
a rotational speed that makes the rotational
speed of the travel output shaft (47), which is
driven by the rotational power operatively trans-
mitted via the output-side third transmission
mechanism (70c) at the time when the output-
side third clutch mechanism (80c) is shifted to
the engagement state, coincident with the rota-
tional speed of the travel output shaft (47) at the
shift-up start time point, and

after the start period, the control device (100)
sets, as the target rotational speed of the HST
output, a rotational speed of the HST output that
causes the rotational speed of the travel output
shaft(47), whichis driven by the rotational power
operatively transmitted via the output-side third
transmission mechanism (70c) at the time point
when the output-side third clutch mechanism
(80c) is shifted to the engagement state, to
match the actual rotational speed realized on
the travel output shaft (47) just before the output-
side third clutch mechanism (80c) is shifted to
the engagement state.

The transmission structure (1) according to claim 21,
wherein the target rotational speed in the HST
speed-change control during the start period is set
to one of the first and second HST speeds that is
positioned on an opposite side of the actual rotational
speed of the HST output at the shift-up start time
point.

The transmission structure (1) according to claim 18,
wherein

during a start period from the speed stage shift-
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down start time point when starting the shifting
movement from the forward-side third speed
stage to the forward-side second speed stage
until a time point after an elapse of a predeter-
mined time from the speed stage shift-down start
time point, the control device (100) sets, as a
target rotational speed of the HST output, a ro-
tational speed that is increased to an opposite
side of a second-speed-stage-side third/second
speed stage switch speed from the actual rota-
tional speed of the HST output at the shift-down
start time point, the second-speed-stage-side
third/second speed stage switch speed being
setto arotational speed that makes the rotation-
al speed of the travel output shaft (47), which is
driven by the rotational power operatively trans-
mitted via the output-side second transmission
mechanism (70b) and the forward-side trans-
mission mechanism (400F) at the time when the
output-side second clutch mechanism (80b) is
shifted to the engagement state, coincident with
the rotational speed of the travel output shaft
(47), which is driven by the rotational power op-
eratively transmitted via the output-side third
transmission mechanism (70c) at the shift-down
start time point, and

after the start period, the control device (100)
sets, as the target rotational speed of the HST
output, a rotational speed of the HST output that
causes the rotational speed of the travel output
shaft(47), whichis driven by the rotational power
operatively transmitted via the output-side sec-
ond transmission mechanism (70b) and the for-
ward-side transmission mechanism (400F) at
the time point when the output-side second
clutch mechanism (80b) is shifted to the engage-
ment state, to match the actual rotational speed
realized on travel output shaft (47) just before
the output-side second clutch mechanism (80b)
is shifted to the engagement state.

24. Thetransmission structure (1) according to claim 23,

wherein the targetrotational speed of the HST output
during the start period is set to one of the first and
second HST speeds thatis positioned on an opposite
side of the actual rotational speed of the HST output
at the shift-down start time point.
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